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JANAF Thermochemical Tables, 1978 Supplement

M. W. Chase, Jr., J. L. Curnutt, R. A. McDonald, and A. N. Syverud
Thermal Research, The Dow Chemical Company, Midland, Michigan 48640

The thermodynamic tabulations previously published in NSRDS-NBS 37, the 1974 Supplement
{J. Phys. Chem. Ref. Data 3, 311 (1974)), and the 1975 Supplement (J. Phys. Chem. Ref. Data 4, 1
(1975} ) are extended by 131 new and revised tables. The JANAF Thermochemical Tables cover the
thermodynamic properties over a wide temperature range with single phase tables for the crystal,
liquid, and ideal gas state. The properties given are heat capacity, entropy, Gibbs energy function,
enthalpy, enthalpy of formation, Gibbs energy of formation, and the logarithm of the equilibrium
constant for formation of each compound from the elements in their standard reference states. Fach
tabulation lists all pertinent input data and contains a critical evaluation of the literature upon which
these values are based. Literature references are given.

Key words: Critically evaluated data; enthalpy, entropy; equilibrium constant of formartion; free
energy of formation; Gibbs energy function; heat capacity; heat of formation: thermochemical tables.
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1. Introduction

Since the inception of the JANAF Thermochemical Tables
project in late 1959, the tables have been collected together
to form seven publications [1-7]. The four early publica-
tions [4—7] are superseded by three more recent publica-

tions [1, 2, 3]. NSRDS-NBS 37 [1] includes all work
through June 30, 1970. Tables generated in the period

June 30, 1970 to June 30, 1974 are included in the 1974 and
1975 Supplements [2, 3]. Tables generated in the period
June 30, 1974 to June 30, 1976 are combined in this article
to provide 131 additional tables which are to be used in
conjunction with the three more recent publications [1, 2, 3].

As of June 30, 1976, there are 1322 tabulations involving
35 elements and their compounds. The 35 elements are H,
Li, Be, B,C,N, O, F, Na, Mg, AL 51, P, S,CLK,Ca, T1, V,
Cr, Fe, Co, Cu, Br, Sr, Zr, Nb, Mo, 1, Cs, Ba, Ta, W, Hg,
and Pb.

The JANAF Thermochemical Tables are prepared follow-

ing the procedures outlined in NSRDS-NBS 37 [1]. In our

analyses of equilibrium data we give tabulations for the
2nd and 3rd law results and often list values (in units of eu
or gibbs/mol) for the “drift.” (The gibbs is defined as the
thermochemical calorie per kelvin.) This is discussed briefly
on page 5 in NSRDS-NBS 37 [1]. This drift actually refers
to the difference, AS® a5 (3rd law)—AS%,0s (Znd law ). AS®,0s
(2nd law) is not calculated, however, via the usual second

© 1978 by the U.S. Secretary of Commerce on behalf of the United
States. This copyright is assigned to the American Institute of Physics
and the American Chemical Society.

0047-2689/78/3120-0793 $08.00

law method or the Z-method. It is instead derived from the
slope of the assumed linear temperature dependence of the
deviations from the mean of the 3rd law heats of reaction.
Our experience indicates that this method agrees closely,
but not exactly, with the Z-method.

In the tabulations the Gibbs free energy function and the
enthalpy are referenced to 298.15 K. Throughout the
JANAF project we have striven for internal consistency.
Internal and external reviews, however, do not always
remove some minor discrepancies. In addition, changes in
the nomenclature as adopted by Chemical Abstracts leave
the tables with some out-dated chemical names. Changes in
the atomic weights, the fundamental constants, and the
temperature scale also cause minor internal inconsistencies.
At present we are maintaining the nomenclature within the
tables while gradually coverting each new or revised table
to the 1969 atomic weights and the TPTS-68 temperature
scale. This is not an easy and unambiguous task, as the
articles appearing in the literature do not always specify
the standards used.

Finally, the JANAF Tables are presented in terms of the
thermochemical calorie. The symbols cal mol? deg™ and
gibbs/mol are identical and refer to units of defined thermo-
chemical calorie per kelvin-mole. These units can be con-
verted to SI units of J mol~* K-* by multiplying the tabulated
value by 4.184. Similarly, values in kcal mol can be
converted to k] mol™? by multiplying by the same factor.

Two indices are provided in this article. The index in
section 4 lists the tables which appear in this article. The
list is alphabetical by name. Where applicable, the appro-
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priate cross reference for the currently accepted Chemical
Abstracts name is also included. The index in section 5 is
the complete index for the JANAF Thermochemical Tables
as of June 30, 1976. This complete index lists tables which
are in NSRDS-NBS 37 [1], the 1974 Supplement [2], the
1975 Supplement [3], and tables which are in this article
(the latter indicated by an “*”). It should be emphasized
that the tables in this article may be new (in which case
there is no corresponding entry in the previous three publi-
eations [1, 2, 31) or revised (in which case the table in this
article supersedes the corresponding table in one of the pre-
vious three publications [1, 2, 3]). The tables are arranged
in this article in the same order as given in the complete
index of section 5. The order is the same as that used by
Chemical Abstracts in their formula index.

2. Acknowledgements

The JANAF Thermochemical Tables Project, as contained
in this article, is sponsored solely by the Air Force Office
of Scientific Research (Contract F44620-70-C~0104 and
F44620-75-C-0048) . The JANAF project has been moni-
tored by Dr. Joseph F. Masi. His cooperation, direction,
and encouragement are greatly appreciated. In Thermal
Research of The Dow Chemical Company, Daniel R. Stull
was the project director from 1959-1969; followed by
Harold Prophet from 1969 until his untimely death in late
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Potassium tetrachloroaluminate (c)
Sodium tetrachloroaluminate (¢)
Tripotassium hexachloroaluminate ()
Trisodium hexachloroaluminate (c)
% Aluminum monofluoride (g)
% Aluminum monofluoride unipos ion (g)
% Aluminum fluoride oxide (g)
% Aluminum difluoride (g)
% Aluminum difluoride unipos ion (g)
% Aluminum difluoride unineg ion (g}
# Aluminum difluoride oxide (g}

# Aluminum difluoride oxide neg ion (g)

Aluminum trifluoride (c¢)
Aluminum trifluocride (g)

# Tetrafluoroaluminate unineg ion (g)
Lithium fluoroaluminate (g)
Sodium tetrafluorcaluminate (g)
Tripotassium hexafluorcaluminate {(c)}
Tprilithium hexafluorcaluminate (c)
Tprilithium aluminum hexafluoride (2}
Cryolite (c)
Cryolite (&)
Aluminum monohydride (g)
Aluminum monoxyhydride (g)
Aluminum monohydroxide {(g)
Aluminum hydroxide unipos ion (g)
Aluminum hydroxide unineg ion (g)
Aluminum dioxyhydride (g)
Lithium aluminum hydride (e)

FILING
ORDER

AlT
All

oW W W W w

BBeO
BBr
BBrCl
BBrCl
BBrF
BBrF2
BBr0
BBr

¥ & ¥ %

E

% % % ¥ ¥ X B

TABLE TITLE

Aluminum monoiodide (g)
Aluminum triiodide (c)

Aluminum triiodide (&)

Aluminum triiodide (g)

Lithium aluminate (c¢)

Lithium aluminate (%)

Aluminum nitride (¢)

Aluminum nitride (g)

Sodium aluminate (c)

Aluminum monoxide (g)

Aluminum monoxide unipos ion (g)
Aluminum monoxide unineg ion (g)
Aluminum dioxide (g)

Aluminum dioxide unineg ion (g)
Aluminum sulfide {(g)

Beryllium aluminate (¢}
Beryllium aluminate (R)
Aluminum tribromide, dimeric (g)
Aluminum trichloride dimeric (g)
Potassium monochlorcaluminate (e)
Aluminum trifluoride, dimer (g)
Aluminum triiodide, dimeric (g)
Magnesium aluminate (c¢)
Magnesium aluminate (%)

Aluminum suboxide (g)

Aluminum suboxide unipos ion (g)
Aluminum meonoxide, dimeric (gl
Dialuminum dioxide unipos ion (g)
Alpha aluminum oxide (c)

Delta aluminum oxide (¢)

Gamma aluminum oxide (e)

Kappa aluminum oxide (c¢)
Aluminum oxide (&)

Aluminum silicate, sillimanite (c)
Andalusite (c¢)

Kyanite (¢)

Aluminum beryllium oxide (c)
Aluminum beryllium oxide (2}
Mullite (c)

Boron {(ref st)

Boron, beta-rhombohedral (c)
Boron (%)

Boron, monatomic (g)
Boron unipos ion (g)
Beryllium monoborate (g)
Boron monobromide (g)
Boron bromochloride (g)
Boron bromcdichloride (g)
Boron bromofluoride (g)
Boron bromodifluoride (g)
Boron oxybromide (g)
RBoron dibromide (g)
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FILING

ORDER TABLE TITLE

BBrQCl Boron dibromochloride (g)

BBrZF Boron dibromofluoride (g)

BBr,H Dibromoborane (g)

BBr-3 Boron tribromide (&)

BBr3 Boron tribromide (g)

BC1 Boron monochloride (g)

Bc1* Boron monochloride unipos ion (g)
BC1F Boron chlorofluoride (g)

BC1F, Boron chlorodiflucride (g)

BC1O Boron oxychloride (g)

BCl2+ Boron dichloride (g)

BCL, Boron dichloride unipos ion (g)
BClz' Boron dichloride unineg ion (g)
BC1,F Boron dichloroflucoride (g)
BC12H Dichloroborane (g)

BCl, Boron trichloride (g)

BF Boron monofluoride (g)

BFO Boron oxyfluoride {(g)

BF2+ Boron difluoride (g)

BF, Boron difluoride unipos ion (g)
BFQ- Boron difluoride unineg ion (g)
BF,H Difluorcborane (g)

BF,HO Boron hydroxydiflucoride {(g)
BE,0 Boron oxydifluoride (g)

BF3 Boron trifluoride (g)

BF,X Potassium tetrafluorcborate (c¢)
BF X °  Potassium tetrafluoroborate (%)
BF,K Potassium tetrafluoroborate (g)
BH Boron monohydride (g}

BHO * Boron hydride oxide (g)

ot * Boron hydride oxide unipos ion (g)
BHO™ % Boron hydride oxide unineg ion (g)
BHO, Metaboric acid (c)

BHO2 Metaboric acid (g)

BHS * Boron hydride sulfide (g)

pHs” % Boron hydride sulfide unipos ion (g)
BH2 Boron dihydride (g}

BH202 Boron dihydroxide (g)

BH, Boron trihydride (g)

BH3O3 Boric acid (c)

BH3O3 Boric acid (g)

BH K Potassium borohydride (c¢)

BHuLi Lithium borohydride (c)

BH, Na Sodium borohydride (¢)

BI Boron iodide (g)

BI2 Boron diiodide (g)

BI3 Boron triiodide (g}

BKO2 Potassium metaborate (c)

EKO2 Potagsium metaborate (L&)

BKO2 Potassium metaborate (g)

BLiO2 Lithium metaborate (c)

BLiO2 Lithium metaborate (2)

BLiO2 Lithium metaborate (g)

BN Boron nitride (c¢)
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FILING
ORDER

BN

BNaQ
BNaQ
BNaO2

B, K,0

B

B
B

H

TABLE TITLE

Boron nitride (g)

Sodium metaborate (c)

Sodium metaborate (R)

Sodium borate (g’

Boron monoxide (g)

Boron dioxide (gl

Boron dioxide unineg ion (g)
Boron monosulfide (g)

Titanium monoboride (c)

Boron, diatomic (g)

Beryllium diborate (g)

Beryllium orthoborate (c¢)

Boron dichloride, dimeric (g)
Boron difluoride dimeric (g)
Diboron tetrafluoromonoxide (g)
Boron dihydroxide dimeric (c)
Boron dihydroxide dimeric (g)
Diborane (g}

Magnesium diboride (c)

Diboron monoxide (g)

Boron monoxide, dimeric (g)
Boron oxide (c¢)

Boron oxide (&)

Boron oxide (g)

Lead diborate (c)

Titanium diboride (c)

Titanium diboride ()

Zirconium diboride (c)

Zirconium diboride (&)

Boron oxychloride, trimeric (g)
Monofluorcboroxine (g)
Difluorcboroxine (g)

Boron oxyfluoride, trimeric (c)
Boron oxyfluoride, trimeric (g)
Boroxine (g)

Boroxin {(c)

Metaboric acid, trimeric (g)
Berazine {(g)
Dipotassiumtetraboronheptaoxide {(c)
Dipotassiumtetraboronheptaoxide (1)
Lithium tetraborate (¢)

Lithium tetraborate (1)
Magnesium tetraboride (c¢)

Sodium tetraboron heptacxide (c)
Sodium tetraboron heptacxide (%)
Lead tetraborate (c)

Pentaborane (%)

Pentaborane (g)

Dipotassium hexaboron decaoxide (c¢)
Lithium hexaborate (c)

Disodium hexaboron decaoxide (c)
Lead hexaborate (c)

Dipotassium octaborontridecaoxide (c)

Dipotassium octaborontridecaoxide (%)
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BaBr
BaBr
BaBr2
BaBr2
BaCl
BaCl
BaCl2
Ba012
Bafr
Bafr

Be

Be

Be

Be
Be+
deBr
BeBr2
BeBr2
EeBr2
BeCl
Bec2”
BeClF
BeCl
BeCl
BeCl
BeCl
BeF

MR BN
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TABLE TITLE

Lithium octaborate (c)
Decaborane (g)
Decaborane (c)
Decaborane (&)

Lead decaborate (c)

Barium (ref st)

Barium (c)

Barium (2}

Barium monatomic (g)
Barium monobromide (g)
Barium dibromide {c¢)
Barium dibromide (%)
Barium dibromide (g)
Barium monochloride (g)
Barium dichloride (c)
Barium dichloride (&)
Barium dichloride (g)
Barium monofluoride {(g)
Barium monoflucride unipos ion (g)
Barium difluoride (c¢)
Barium difluoride (1)
Barium difluoride {(g)

* Barium monohydroxide (g)

Barium monohydroxide unipos ion (g)
Barium dihydroxide, alpha ()
Barium dihydroxide (&)

Barium dihydroxide (g)

Barium monoiodide (g)

Barium diiodide (c¢)

Barium diiodide (&)

Barium diiodide (g)

Barium oxide (c)

Barium oxide (&)

Barium oxide (g)

Beryllium (ref st)

Bepryllium (c)

Beryllium {(2)

Beryllium, monatomic {(g)
Beryllium unipos ion (g)
Beryllium monobromide (g)
Beryllium dibromide (c¢)
Beryllium dibromide (2)
Beryllium dibromide (g)
Beryllium monochloride {(g)
Beryllium monochloride unipes ion (g)
Beryllium chlorofluoride (g)
Beryllium dichloride, alpha (¢)
Beryllium dichloride, beta (¢)
Beryllium dichloride ()
Beryllium dichloride (g)
Beryllium monofluoride (g)

FILING
ORDER

Br
BrCa
BrCl
BrF
BrF
BrF5
BrH
BrHuN
BrHg
BrIl
BrK
BrK

TABLE TITLE

Beryllium difluoride (e)
Beryllium difluoride (1)
Beryllium difluoride (g)
Lithium beryllium fluoride (g)
Lithium beryllium trifluocride (c)
Lithium beryllium triflucride {(4)
Lithium beryllium tetrafluoride (c)
Lithium beryllium tetrafluoride (&)
Beryllium monohydride (g)
Beryllium hydride unipos ion (g)

*Beryllium monohydroxide (g)

* Beryllium hydroxide unipos ion (g)
Beryllium dihydride (g)

*Beryllium dihydroxide, alpha (c)

* Beryllium dihydroxide, beta (c)

*Beryllium dihydroxide (g)

* Beryllium moncidide (g)

*Beryllium diiodide (c)

% Beryllium diiodide (&)

* Beryllium diiodide (g)
Beryllium nitride (g)

* Beryllium oxide, alpha (c)

* Beryllium oxide, beta {(c)

% Beryllium oxide (%)

* Beryllium oxide (g)
Beryllium sulfate, alpha (c¢)
Beryllium sulfate, beta (c)
Beryllium sulfate, gamma (c)
Beryllium tungstate {(c)
Beryllium chloride, dimeric (g)
Diberyllium oxide difluoride (g)
Diberyllium oxide (g}
Beryllium oxide, dimeric {(g)
Beryllium silicate (c¢)
Beryllium nitride, alpha ()
Beryllium nitride (%)
Beryllium oxide, trimeric (g)
Beryllium oxide, tetrameric (g)
Beryllium oxide, pentameric (g)

Beryllium oxide, hexameric {(g)

Bromine, monatomic (g)

* Calcium monobromide (g)

Bromine monochloride (g)
Bromine monofluoride (g)
Bromine trifluoride (g)
Bromine pentafluoride (g’
Hydrogen bromide (g)
Ammonium bromide (e)
Mercury monobromide (g)
Bromine monoiodide (g)
Potassium bromide (c¢)

Potassium bromide (1)
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FILING FILING

ORDER TABLE TITLE ORDER TABLE TITLE

BrK Potassium bromide (g) BruFe2 Iron dibromide dimeric (g)
BrLi Lithium bromide (c) BrL‘Mg2 Magnesium dibromide, dimeric (g)
BrLi Lithiuwn bromide (2) Br,Pb Lead tetrabromide (g)

BrLi Lithium bromide (g) BruTi Titanium tetrabromide (¢)
BrMg * Magnesium monobromide (g) BruTi : Titanium tetrabromide (%)

BrN Nitrogen bromide (g) BruTi Titanium tetrabromide (g)
BrNO Nitrosyl bromide (g) Br,Zr * Zirconium tetrabromide (¢)
BrNa Sodium bromide (c) Br, ir * Zirconium tetrabromide {(g)
BrNa Sodium bromide () Br Nb * Niobium pentabromide (<)

BrNa Sodium bromide (g) Br:Nb * Niobium pentabromide (&)

Brp Phosphorug monobromide (g) BrsNb * Niobium pentabromide (g)

BrPb Lead monobromide {(g) Brsw Tungsten pentabromide (c)
BrSr * Strontium moncbromide (g) Br W Tungsten pentabromide (1)
BrTi Titanium monobromide (g) Br W Tungsten pentabromide (g)

BrW Tungsten monobromide (g) Brew Tungsten hexabromide (c)

Bripr Zirconium moncbromide {(g) BroH Tungsten hexabromide (g)

Brz Bromine, diatomic {(ref st)

Br, Bromine, diatomic (&) CNb Niobium monocarbide NbCO.QB (c)
Br, Bromine, diatomic (g) C Carbon (vef st}

Br,Ca Calcium dibromide (e) C Carbon, monatomic (g)

Br,Ca Calcium dibromide (&) c” Carbon unineg ion (g)

Br,Ca Calcium dibromide (g) CAL Aluminum carbide (g)

Br,Fe Ferrous bromide (c) CB Boron carbide (c)

Br,Fe Ferrous bromide (&) CBy Boron carbide (2)

Br,Fe Ferrous bromide (g) cB, Boron carbide (g)

Br,Hg Mercury dibromide (c) CBe, Beryllium carbide (e)

Br,Hg Mercury dibromide (&) CBe, Beryllium carbide (&)

Br,Hg Mercury dibromide (g) CBr Carbon monobromide {(g)

Br,Hg, Mercury monobromide, dimeric (c) CBrfF, Bromotrifluoromethane (g)
Br2}<2 Potassium bromide, dimeric (g) CBrN Cyanogen bromide (g)

BrZLi2 Lithium bromide, dimeric (g) CBry Carbon tetrabromide (g)

Br,Mg " Magnesium dibromide (c) cecl Carbon monochloride (g)

Br, Mg Magnesium dibromide (&) CC1F0 Carbonyl chlorofluoride (g)
Br2Mg+ Magnesium dibromide (g) CClF, Carbon chlorotrifluoride (g)
Br,Mg Magnesium dibromide unipos (g} CC1N Cyanogen chloride (g)

Br,Na, Sodium dibromide, dimeric {(g) CcC10 Carbonyl monochloride (g)
Brsz Lead dibromide (c) cc, Carbon dichloride (g)

Br,Pb Lead dibromide (1) C012F2 Carbon dichlorodifluoride (g)
Br,Pb lLead dibromide (g) €C1,0 Carbonyl chloride (g)

Br,Sr Strontium dibromide {(¢) ce1, Carbon trichloride (g)

BrQSr Strontium dibromide (&) CClBF Carbon trichlorofluoride (g)
BPQSP Strontium dibromide (g) CClu Carbon tetrachloride (g)
BrZTi Titanium dibromide (c) CCuN Cuprous cyanide (<)

Br,Ti Titanium dibromide (g) CF+ Carbon monofluoride (g)

BrZZr Zirconium dibromide (c) CF Carbon monofluoride unipos ion (g)
Br,Zr Zirconium dibromide () CFN Cyanogen fluoride (g)

BPZZr Zirvconium dibromide (g) CFo Carbonyl monofluoride (g)
Br,0P Phosphoryl bromide (g) CF2 Carbon difluoride (g)

BraP Phosphorus tribromide (g) CF2+ Carbon difluoride unipos ion {(g)
BraPS Thiophosphoryl bromide (g) CFQO Carbonyl fluoride (g)

Br,Ti Titanium tribromide (c) CF3+ Carbon trifluoride (g)

BraTi Titanium tribromide (g) CF, Trifluoromethyl unipos ion (g)
BrSZr Zirconium tribromide (c) CF,I Trifluoricdomethane (g)

BFSZP Zirconium tribromide (g) CF“ Carbon tetrafluoride (g)
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PILING
ORDER

CF,0
CH

cr*
CHC1
CHCLF,
CHCL,F
CHC1,
CHF
CHFO
CHF
CHN
CHNO
CHO
cHot
CHP
CH,
CH,CLF
CH,C1
CH,F,
CH,,0
CH,
3
3

3

2

CH,Cl

CH 0135i
CH3F
CH3F38i
CHy,

CIN
CKN
CKN
CKN
CK203
CKZO3
CLiQO3
CLi,0

2¥3
CMg0,
CN
on®
CN™
CNNa
CNNa
CNNa
CNO
CN
CN
CNa.,,0
CNa203
co
Cos
co
o1¢]
CP
cs
(o5}
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TABLE TITLE

Trifluoromethyl hypofluorite (g)

Methylidyne (g)
Methylidene unipos ion (g)
Monochloromethylene (g)
Chlorodifluoromethane (g)
Dichloroflucremethane (g)
Trichloromethane (g)
Monoflucoromethylene (g)
Formyl fluoride (gJ
Trifluoromethane (g)
Hydrogen cyanide {(g)
Hydrogen isocyanate (g)
Formyl (g)

Formyl unipos ion (g}
Methinophosphide (g)
Methylene (g)
Chlorofluoromethane (g)
Dichloromethane (g)
Difluovomethane (gl
Formaldehyde (g)

Methyl {(g)

Chloromethane (g)
Trichloromethylsilane (g)
Flucromethane (g)
Trifluoromethylsilane {(g)
Methane (g)

Cyanogen iodide (g)
Potassium cyanide (c)
Potassium cyanide (22
Potassium cyanide (g)
Potassium carbonate {c)
Potassium carbonate (%)
Lithium carbonate (c)
Lithium carbonate (X&)
Magnesium carbonate (e}
Cyano (g)

Cyano unipos ion {(g)
Cyano unineg ion (gl
Sodium cyanide (c)

Sodium cyanide (&)

Sodium cyanide (g)

NCO radical (g)

CNN radical (g)

NCN radical (g)

Sodium carbonate {(c)
Sodiwn carbonate (R}
Carbon monoxide (g)
Carbon oxysulfide (g)
Carbon dioxide (g)

Carbon dioxide unineg ion {(g)
Carbon phosphide (g)
Carbon monosulfide (gJ
Carbon disulfide (g)

FILING
ORDER

CSsi
Ccsi
CSi
Csi
Ccsi
CTa
CTa
CTi
CTi
Cirx
CZr

2

CquZSi
CyNy

Celras

Ca
Ca
Ca

ca
ca®

TABLE TITLE

Silicon carbide alpha (c)
Silicon carbide, beta (c¢)
Silicon carbide ()
Silicon carbide (g)
Disilicon carbide (g)
Tantalum carbide (c)
Tantalum carbide (%)
Titanium carbide (c¢)
Titanium carbide (%)
Zirconium carbide (c)
Zirconium carbide (%)
Carbon, diatomic (g)
Carbon dimeric unineg ion (g)
Beryllium carbide (g)
Dichloroacetylene (g)
Tetrachloroethylene (g)
Perchloroethane (g)
Trichromium dicarbide (c)
Difluorcacetylene (g)
Trifluorcacetonitrile (g)
Tetrafluorcethylene (g)
Hexafluoroethane (g)

CCH radical (g)
Chlorocacetylene (g)
Monofluorocacetylene (g)
Acetylene (g)

Ethylene (g)

Ethylene oxide (g)
Potassium cyanide, dimeric (g)
Lithium carbide (c)
Magnesium carbide (c)

CNC radical (g)

Cyanogen (g)

Sodium cyanide dimeric (g)
CCO radical (g)

Silicon dicarbide (g)
Carbon, triatomic (g)
Aluminum carbide (c)
Heptachromium tricarbide (e)
Magnesium carbide (c¢)
Carbon suboxide (g)
Carbon, tetratomic (g)
Tetramethylsilane (g)
Carbon subnitride (g)
Carbon, pentatomic (g)
Chromium carbide Cr,4Cq (c)
Calcium (ref st)

Calcium, alpha (e}
Calcium, beta (c)

Caleium ()

Calcium (g)

Calcium unipos ion (g)

801
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FILING FILING

ORDER TABLE TITLE ORDER TABLE TITLE
CaCl Calecium monochloride (g) C1LI Lithium chloride (c)
CaCl, Calcium chloride (c) C1Li Lithium chloride (&)
CaC12 Calcium chloride (1} ClLi Lithium chloride {(g)
CaC1, Calcium chloride (g) C1LiO Lithium oxychloride (g)
CaF Calcium monofluoride (g) ) ClLiO, Lithium perchlorate (c)
CaF2 Calcium difluoride (c) ClLiOl+ Lithium perchlorate (%)

_ CaF, Calcium difluoride (&) ClMg Magnesium monocchloride (g)
CaF, Calcium difluoride (g) ClMg+ Magnesium monochloride unipos ion (g)
CaHO * Calcium monohydroxide (g) C1NO Nitrosyl chloride (g)
cato? * Calecium monohydroxide unipos ion (g) ClNO2 Nitryl chloride (g)

CaH202 * Calcium dihydroxide (c¢) ClNa Sodium chloride (¢)
CaHZO * Calcium dihydroxide (g) ClNa Sodium chloride ()
Cal Calcium monolodide (g) ClNa Sodium chloride (g)
Cal, Calcium diicdide (c) ClNa0, Sodium perchlorate {(c)
Cal, Calcium diiodide (%) C10 Chlorine monoxide (g)
Cal, Calcium diiodide (g) CLOTi Titanium oxychloride (g)
Ccao Calcium oxide (e) €10, Chlorine dioxide (g)}
Cal Calcium oxide (&) C1pP Phosphorus monochloride (g)
Cal * Calcium oxide (g) C1Pb Lead monochloride (g)
Cas Calcium sulfide (c) ciept Lead monochloride unipos ion (g)
Ca, * Dicalcium (g) cisi Silicon monochloride (g)

ClSr Strontium monochloride (g)
cl Chlorine, monatomic (g) CiTi Titanium monochloride (g)
c1t Chlorine unipos ion (g} Clw Tungsten monochloride (g)
c1” Chlorine unineg ion (g) ClZp Zirconium monochloride (g)
ClCo Cobalt monochloride (g) Cl2 Chlorine, diatomic (ref st)
ClCs Cesium monochloride (c¢) C1,Co Cobalt dichloride (¢)
ClCs Cesium monochloride (&) C1,Co Cobalt dichloride (&)
ClCs Cesium monochloride (g) €1,Co * Cobalt dichloride (g)
ClCu Cuprous chloride (c) C1,Cs, Cesium monochloride dimer (g)
ClCu Copper monochioride (%) Cl,Cu Copper dichloride (c)
ClCu Copper monochloride (g) €1,roP Phosphoryl fluorodichloride (g)
C1lF Chlorine fluoride (g) Cl,Fe Iron dichloride (c¢)
ClFLi2 Lithium chlorofluoride (g) Clee Iron dichloride (&)
C1lFMg Magnesium chlorofluoride (g) Cl,Fe Ivon dichloride {(g)
ClFOZS Sulfuryl chloride fluoride (g) CIQHQSi Dichlorosilane (g)
ciro, Perchloryl fluoride (g) Cl,Hg Mercury dichloride (c)
C1F, 0P Phosphoryl difluorochloride (g) Cl,Hg Mercury dichloride (%)
cir, Chlorine triflucoride (g) Cl,Hg Mercury dichloride (g)
ClFESi Chloprotrifluorosilane (g) Cleg2 Mercury chloride, dimeric (c)
C1F5 Chlorine pentafluoride (g) ClZK2 Potassium chloride, dimeric (g}
Clfe Iron monochloride (g) ClQLi2 Lithium chloride, dimevic (g)
C1lH Hydrogen chloride (g} Cl,Mg Magnesium chloride (¢)
C1HO Hydrogen oxychloride (g) Cl,Mg Magnesium chloride (2)
ClH,Si Chlorosilane (g} Cl,Mg Magnesium chloride (g)
C1H,N Ammonium chloride (e¢) C1,M00, Molybdenum dioxydichloride (g)
C1H,NO, Ammonium perchlorate (c) Cl,Na, Sodium chloride dimeric (g)
ClHg Mercury monochloride (g) €1,0 Chlorine monoxide (g)
CclI Iodine chloride (c) €1,0T1 Titanium oxydichloride (g)
Cc1I Iodine chloride (%) C12028 Sulfuryl chloride (g)
ClI Iodine chloride (g) C1,0,u Tungsten dioxydichloride (c)
ClK Potassium chloride (c) c1202w Tungsten dioxydichloride (g)
C1lK Potassium chloride () Cl,PDp Lead dichloride (o)
ClK Potassium chloride (g) C1,Pb Lead dichloride (2)
C1KO, Potassium perchlorate (c) C12Pb Lead dichloride (g)
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c1,Pp’
012Si
ClZSr
Cl,8r
Cl,S8r
Cl,Ti
Cl,Ti
Cl,4
Cl,W
Cl,2r
Cl,2r
Cl,Zr
Cl,.Co
Cl,Cuy
C1l,F81
Cl,Fe
Cl,Fe
Cl,Fe

W oW W oW W W R R RN RN R N RN

C1,HSi .

w

Cl Li3
C1.0P
cl1,P

c1,PS
Cl.81i
Cl,.Ti
Cl,Ti
Cl,.2r
Cl.ir
Ccl C02
Cl F82
CclL Mg2
Cl, Mo
Cl, Mo
C1, Mo
Cl,0W
C1,0W
Cl,0W
Cl,Pb
Cc1,S8i
C1,Ti
C1,Ti
C1,Ti
C1,W

C1l,W

cl,%r
Cl,Zr
Cl. Mo
Cl.Mo
Cl.Mo
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ClSNb
C15Nb
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TABLE TITLE

Lead dichloride unipos ion (gl
Silicon dichloride (g)
Strontium dichloride (c¢)
Strontium dichloride (%)
Strontium dichloride {(g)
Titaniun dichloride (c¢)
Titanium dichloride (g)
Tungsten dichloride (¢)
Tungsten dichloride (g)
Zirconium dichloride (¢)
Zirconium dichloride (&)
Zipconium dichloride (g}
Cobalt trichloride (g)

Copper monochloride, trimeric (g)
Trichlovofluoresilane (g}
Iron trichloride (c)

Iron trichloride (&)

Iron trichloride (g)
Trichlorosilane (g)

Lithium chloride, trimeric (g)
Phosphoryl chloride {(g)
Phosphorus trichloride (g)
Thiophosphoryl chloride {(g)
Silicon trichloride (g)
Titanium trichloride (c}
Titanium trichloride (g}
Zirconium trichloride (c)
Zirconium trichloride (g}
Cobalt dichloride, dimeric (g)
Iron dichloride, dimeric (g)
Magnesium dichloride, dimeric (g)
Molybdenum tetrachloride (c)
Molybdenum tetrachloride (&)
Molybdenum tetrachloride (g)
Tungsten oxytetrachloride (c)
Tungsten oxytetrachloride (&)
Tungsten oxytetrachloride (g}
Lead tetrachloride (g)
Silicon tetrachloride (g)
Titanium tetrachloride (c¢)
Titanium tetrachloride (&)
Titanium tetrachloride (g)
Tungsten tetrachloride (c)
Tungsten tetrachloride (g}
Zirconium tetrachloride (¢)
Zirconium Tetvachloride (g)
Molybdenum pentachloride (c¢)
Molybdenum pentachloride (&)
Molybdenum pentachloride (g)
Niobium pentachloride (¢}
Niobium pentachloride (&)
Niobium pentachloride (g)
Phosphorus pentachloride (g)

FILING
ORDER

ClsTa

Cl;Ta

ClSTa

[¢]
pile}
=

Cl
C1
cl
Ci
CL
ClL
Cl.W
CL.W
ClSW'
CllOWZ
Co
Co
Co
Co
Co+
CoF
CoF
COFZ
CoF3
Col
CoOuS

Cosou

W
W
FeZ
Mo
Mo
W

O Dy P Mo o n

Cr
Cr
Cr
Cr
CrN
CrN
Cr0
Cro
Cr0
CPZN
Cr20
Cr203

CsF
CsF
CsF
CsHO
CgHO
CsHO
csho®
Cs0

TABLE TITLE

# Tantalum pentachloride (¢)

Tantalum pentachloride (&)
Tantalum pentachloride (g)
Tungsten pentachloride (e¢)
Tungsten pentachloride (&)
Tungsten pentachloride (g)

Iron trichloride, dimeric (g)
Molybdenum hexachloride (c)
Molybdenum hexachloride (g)
Tungsten hexachloride, alpha (¢)
Tungsten hexachloride, beta (c)
Tungsten hexachloride (%)
Tungsten hexachloride (g)
Tungsten pentachloride, dimeric (g)
Cobalt (ref st}

Cobalt (c)

Cobalt (&)

Cobalt, monatomic (g)

Cobalt unipos ion (g)

Cobalt difluoride (c)

Cobalt difluoride (1)

Cobalt diflucride (g)

Cobalt trifluoride (c¢)

Cobalt monoxide (c)

Cobalt sulfate (c)

Tricobalt tetraoxide {(c¢)

Chromium (ref st)
Chromium (c¢)

Chromium (&)

Chromium, monatomic (g)
Chromium mononitride (c¢)
Chromium mononitride (g)
Chromium monoxide (g)
Chromium dioxide (g)
Chromium trioxide (g)
Chromium subnitride (c)
Dichromium trioxide (¢)

Dichromium trioxide (R)

Cesium (ref st)

Cesium (c)

Cesium (R)

Cesium, monatomic (g)
Cesium unipos ion (g)
Cesium monofluoride {(c)
Cesium monofluoride (R)
Cesium monofluoride (g)
Cesium hydroxide {(c)
Cesium hydroxide (1)
Cesium hydroxide (g}
Cesium hydroxide unipos ion (g)
Cesium monoxide (g)
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FILING
ORDER

Cs2
Cs2F2
CSZH202

2

CuF
CuF
CuF
CuF
CuF
CuH
Cu0
Cul
CuOuS

0

ROR 0N

Cu
Cu
Cu

0
0
0.8

A2 R ORY RS

FFre
FH
FHO
FH038
FHasi
FHg
FI

FK
FK
FX
FLi
FLi
FLi
FLiO
Mg
FMg
FN
FNO
FNO
FNO3
FNa
FNa
FNa
Fo
FOTi
FO
133

CHASE ET AL.

TABLE TITLE

Cesium, diatomic (g}

Cesium monofluoride, dimeric (g)
Cesium hydroxide, dimeric (g)
Dicesium monoxide (g)

Copper (ref st)

Copper (e}

Copper ()

Copper, monatomic (g)
Copper unipos ion (g)
Copper monofluoride (c)
Copper monofluoride (g)
Copper difluoride (¢)
Copper difluoride (&)
Copper difluoride (g)
Copper hydroxide (¢}
Cupric oxide (c)

Copper monoxide (g)
Copper sulfate (¢)
Copper, diatomic (g)
Cuprous oxide (c)
Dicopper monoxide (&)
Basic copper sulfate (¢)

Fluorine, monatomic (g)
Flucrine unineg ion (g)
Iron monofluoride (g)
Hydrogen fluoride (g)
Hypofluorocus acid (g)
FPluorosulfuric acid (g)
Fluorosilane (g)

Mercury monofluoride (g)
Iodine fluoride (g)
Potassium fluoride {(ec)
Potassium fluoride (4)
Potassium fluoride (g)
Lithium fluoride (c)
Lithium fluoride (2}
Lithium fluoride ({(g)
Lithium oxyfluoride (g)
Magnesium monofluoride {(g)
Magnesium monofluoride unipos ion (g)
Nitrogen monofluoride (g)
Nitrosyl fluoride (g)
Nitryl fluoride (g}
Fluorine nitrate (g)
Sodium fluovide (c)
Sodium fluoride (%)
Sodium fluoride (g)
Fluorine oxide (g)
Titanium oxyfluoride (g)
Dioxygen fluoride (g)

Phosphorus monofluoride (g)
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FPS
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FS
rst
F5i
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TABLE TITLE

Phosphorus thiofluoride (g)

Lead monoflucoride (g}

Sulfur monofluoride (g)

Sulfur monofluoride unipos ion (g)
Silicon monofluoride (gl
Strontium monofluoride (g)
Strontium monoflucoride unipos ion (g)
Titanium monofluoride (g)
Tungsten monofluoride (g)
Zirconium monofluoride (g)
Fluorine, diatomic (ref st)

Iron difluoride (c¢)

Iron difluoride (&)

Iron difluoride (g)

Potassium bifluoride (c)
Potassium bifluoride (&)
Difluorosilane (g)

Mercury difluoride (<)

Mercury difluoride (%)

Mercury difluoride (g)

Mercury monofluoride, dimeric (c)
Potassium difluoride unineg ion (g)
Potassium flueride, dimeric (g)
Lithium difluoride unineg ion (g)
Lithium fluoride, dimeric (g)
Magnesium difluoride (¢)
Magnesium difluocride (&)
Magnesium difluoride (g)
Magnesium difluoride unipos ion (g)
Nitrogen diflucoride (g)
Cis-difluorodiazirine (g)
Trans~difluorodiazirine (g)
Sodium difluoride unineg ion (g)
Sodium fluoride, dimeric (g)
Oxygen difluoride (g)

Thionyl fluoride (g)

Silicon oxydifluoride (g)
Titanium oxydifluoride (g)
Sulfuryl fluoride (g}

Phosphorus difluoride (g)

Lead difluoride, alpha (c¢)

Lead difluoride, beta (c)

Lead difluoride (%)

Lead difluoride (g)

Sulfur -diflucride {(g)
Difluorodisulfane (g)

Thiothionyl fluoride (g)

Silicon difluoride (g)

Strontium difluocride (e¢)
Strontium diflucride (%)
Strontium diflucride (g)

Titanium difluoride (g}

Zirconium difluoride (c)
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FZZr
:QZP
F3Fe
F,.Fe
P HSL

F L13

r
=

F
F

NO
OF

e
o+

F,PS

by
W oW W W W W W W W

o

F381
F3T1
F3T1
F.ir

Cok

. JANAF THERMOCHEMICAL TABLES, 1978 SUPPLEMENT

TABLE TITLE

Zirconium difluoride (1)
Zirconium difluoride (g)

Iron trifluoride (e}

Iron trifluoride (g)
Trifluorcsilane (g)

Lithium fluoride, trimeric (g)
Nitrogen trifluoride (g}
Trifluoramine oxide (g)
Phosphoryl fluoride (g)
Phosphorus trifluoride (g)
Thiophosphoryl fluoride (g}
Sulfur trifiuoride (g)
Silicon trifluoride (g)
Titanium trifluoride (c)
Titanium trifluoride (g}
Zirconium trifluoride (c)
Zirconium trifluoride (g)
Magnesium difluoride dimeric (g}
Molybdenum oxytetrafluoride (g)
Tetrafluorchydrazine (g)
Tungsten oxytetrafluoride (c)
Tungsten oxytetrafluoride (&)
Tungsten oxytetrafluoride (g)
Lead Tetrafluoride (g)

Sulfur tetrafluoride (g)
Silicon tetrafluoride (g)
Titanium tetrafluoride {(¢)
Titanium tetrafluoride (g)
Zirconium tetrafluoride (c)
Zirconium tetrafluoride (g)
Iodine pentafluoride (g)
Phosphorus pentafluoride {g)
Sulfur pentafluoride (g)
Molybdenum hexafluoride (&)
Molybdenum hexafluoride {(g)
Sulfur hexafluoride (g)
Tungsten hexafluoride (&)
Tungsten hexafluoride (g)
Iodine heptafluoride (g)

Ivon {(ref st)

Iron (¢)

Iron (&)

Iron (g)

Iron hydroxide {(c¢)
Iron dihydroxide (g)
Iron Trihydroxide (¢}
Iron diiodide ()
Iron diiodide (%)
Iron diiodide (g)
Wustite (c¢)

Iron oxide (e)

Iron oxide (&)

FILING
ORDER

Fe0
FeOQS
FeZIu
Fe,0

273

Fe,04,5;

Fe30u

HHg
HI
HK
HK
HKO
HKO
HKO
HKO
HLi
HLi
HLi
HLi0
HLiO
HLi0
aLiot

HMgO
HMgO+
HN
HNO
HNO2
HNO,
HNO3
HNa

HNaQ
HNa0
HNao*
H0

HO
HO™
HOSr
HOSp'
HO
HP
HPb
HS
HSi
HSi
HZr

H)K,0,
H2L1202

%

TABLE TITLE

Iron oxide (g)

Ivon sulfate (c)

Iron diiodide, dimervic (g)
Hematite (c)

Diiron trisulfate (c)

Magnetite (c)

Hydrogen, monatomic (g)

Proton gas (g)

Hydrogen unineg ion (g}

Mercury monohydride (g)
Hydrogen iodide (g)

Potassium hydride {(¢)

Potassium hydride (g)

Potassium hydroxide {(c)
Potassium hydroxide (%)
Potassium hydroxide (g)
Potassium hydroxide unipos ion (g)
Lithium hydride (¢)

Lithium hydride (&)

Lithium hydride (g)

Lithium hydroxide (¢)

Lithium hydroxide (%)

Lithium hydroxide (g)

Lithium hydroxide unipos ion (g)
Magnesium monohydride (g)
Magnesium monohydroxide (g)
Magnesium hydroxide unipos ion (g)
Imidogen (g)

Nitroxyl (g)

Nitrous acid, cis~ (g)

Nitrous acid, trans- (g)

Nitrie acid (g)

Sodium hydride {(c)

Sodium hydride (g)

Sodium hydroxide (%)

Scdium hydroxide (g}

Sodium hydroxide unipos ion (g)
Hydroxyl (g)

Hydroxyl unipos ion (g}

Hydroxyl unineg ion (g)
Strontium monochydroxide (g)
Strontium hydroxide unipos ion (g)
Hydroperoxyl (g)

Phosphorus monohydride (g)

Lead monohydride (g)

Sulfur monochydride (g)

Silicon monchydride (g)

Silicon monohydride unipos ion (g)
Zirconium hydride (g)

Hydrogen, diatomic (ref st)
Potassium hydroxide, dimeric (g)
Lithium hydroxide, dimeric (g)
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TABLE TITLE

Magnesium hydride (c}
Magnesium dihydroxide (c)
Magnesium dihydroxide (g)
Molybdic acid (g)
Amidogen (g)

Di-imide (g}

Sodium hydroxide, dimeric (g)
Water (g)

Hydrogen peroxide (g)
Styrontium dihydroxide (c)
Strontium dihydroxide (&)
Strontium dihydroxide {(g)
Sulfuric acid (2)
Sulfuric acid {(g)
Tungstic acid (c)
Tungstic acid (g)
Phosphorous hydride (g)
Hydrogen sulfide (g’
Titanium hydride (c¢)
Ammonia (g)

Hydronium (g)

Phosphoric acid (¢)
Phosphoric acid (£}
Phosphine (g)

Ammonium iodide (¢}
Hydrazine (%)

Hydrazine (g)

Silane (g}

Mercury {(vef st)
Mercury (8)

Mercury (g)

Mercury monoiodide (g)
Mercury diiodide (c)

Mercury diiodide (R}

~Mercury diiodide (g}

Mercuric oxide (c¢)

Mercuric oxide (g)

Mercury monoiodide, dimeric (c)
Mercury monoiodide, dimeric (&)
Iodine, monatomic {(g)

Potassium iodide (e)

Potassium iodide (£)

Potassium iocdide (g)

Lithium iodide ()

Lithium iodide (&)

Lithium iodide (g)

* Magnesium monoiodide {(g)

Nitrosyl iodide (g)
Sodium iodide (c)

Sodium iodide ()

Lead monoiodide (g)
Strontium monoiodide (g)

Titanium monoiodide (g)
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FILING
ORDER

K2033i
K2038i
K2ous
KZOHS

Li
Li

.+
Li

TABLE TITLE

Zirconium monoiodide (g)
Iodine, diatomic {(ref st)
Iodine, diatomic (%)

Iodine, diatomic (g?
Potassium iodide, dimeric (g}
Lithium iodide, dimeric (g)

Magnesium diiodide (<)

* Magnesium diiodide ()

Magnesium diiodide (g}
Lead diiodide (c)

Lead diiodide (%)

Lead diiodide (g)
Strontium diiodide (e}
Strontium diiodide (&)
Strontium diiodide (g)
Titanium diiodide (¢)
Titanium diiodide (g}
Zirconium dijodide (c)
Zirconium diiodide (&)
Zirconium diiodide (g}
Titanium triiodide (&)
Titanium triiodide (g)
Zirconium triiodide (¢)
Zirconium triiodide (g)
Lead tetraiodide (g)
Silicon tetraiodide (c)
Silicon tetraiodide (&)

® Silicon tetraiodide (g)

Titanium tetraiodide (c¢)
Titanium tetraiodide (%)
Titanium tetraiodide (g)
Zirconium tetraiodide (c)

* Zirconium tetraiodide (g)

Potassium (ref st}
Potassium (%)

Potassium (g)

Potassium unipos ion (g)
Potassium monoxide (g)
Potassium monoxide unineg ion (g)
Potassium superoxide ()
Potassium, dimeric (gJ
Potassium oxide (c)
Potassium peroxide (c¢)
Potassium metasilicate (c)
Potassium metasilicate (&)
Potassium sulfate (c)
Potassium sulfate (&)

Lithium (ref st)
Lithium (c)
Lithium (2}
Lithium (g)

Lithium unipos ion (g)
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Mg035i
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MgOSTi2
MgOBTi2
Mgs

MgS

Mgz
MgQOuSi
MgQOuSi
MgZOuTi
Mg,0,Ti
Mg2Si
Mgzsi
Mg3N2
MgaoeP2
Mg308P2

Mo
Mo
Mo

MoO
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TABLE TITLE

Lithium nitride (g)

Lithium oxynitride (g)
Lithium sodium oxide (g)
Lithium monoxide (g)

Lithium monoxide unineg ion (g)
Lithium, diatomic (g)
Lithium oxide (e)

Lithium oxide (%)

Lithium oxide (g)

Lithium peroxide {c)

Lithium monoxide dimevric (g)
Lithium metasilicate (c)
Lithium metasilicate (&)
Lithium metatitanate (c}
Lithium metatitanate (&)
Lithium disilicate (¢)
Lithium disilicate (%)
Lithium nitride (o)

Magnesium (ref st)
Magnesium (c)

Magnesium (%)

Magnesium, monatomic (g)
Magnesium unipos ion (g)
Magnesium nitride (g)
Magnesium oxide (c)
Magnesium oxide ()
Magnesium oxide (g)
Magnesium metasilicate (¢)
Magnesium metasilicate (&)
Magnesium metatitanate (c)
Magnesium metatitanate (2)
Magnesium sulfate (c¢)
Magnesium sulfate (R)
Magnesium tungstate (c)
Magnesium dititanate (¢}
Magnesium dititanate (&)
Magnesium sulfide (c)
Magnesium sulfide (g)
Dimagnesium (g)

Magnesium orthosilicate (c)
Magnesium orthosilicate (&)
Magnesium orthosilicate (c)
Magnesium orthosilicate ()
Magnesium silicide (c)
Magnesium silicide (&)
Magnesium nitride (e)
Magnesium orthophosphate (c)
Magnesium orthophosphate (4)

Molybdenum (ref st
Molybdenum (c)
Molybdenum (&)
Molybdenum monatomic (g}
Molybdenum unipos ion (g)
Molybdenum monoxide (g)

FILING
ORDER

MoO2
M002
MoO3
HoO3
MoO3

NO
NO
NG
N02
NO3
NP
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TABLE TITLE

Molybdenum dioxide (c¢)
Molybdenum dioxide (g)
Molybdenum trioxide (c)
Molybdenum trioxide ()
Molybdenum trioxide (g)

Nitrogen, monatomic (g)
Nitric oxide (g)

Nitric oxide unipos ion (g)
Nitrogen dioxide (g)
Nitrogen dioxide unineg ion (g)
Nitrogen trioxide (g)
Phosphorus nitride (g)
Sulfur nitride (g)

Silicon nitride (g)
Disilicon nitride (g)
Titanium nitride (c¢)
Titanium nitride (1)
Vanadium mononitride (c¢)
Vanadium mononitride (g)

Vanadium subnitride VN (c)

0.465
Zirconium nitride (¢}
Zirconium nitride (&)
Zirconium nitride (g)
Nitrogen, diatomic (ref st)

Nitrous oxide (g)

Dinitrogen monoxide unipos ion (g}

Nitrogen trioxide (g)
Nitrogen tetroxide (g)
Nitrogen tetroxide (c)
Nitrogen tetroxide (1)
Nitrogen pentoxide (g)
Azide (g)

Silicon nitride, alpha (c)

Triphosphorus pentanitride {(c)

Sodium (ref st)

Sodium (c)

Sodium (&)

Sodium, monatomic (g)

Sodium unipos ion (g)

Sodium monoxide (g)

Sodium monoxide unineg ion (g)
Sodium superoxide (c)
Sodium, diatomic (g)

Sodium oxide (c¢)

Sodium oxide (%)

Sodium peroxide (e)

Sodium metasilicate (c¢)
Sodium metasilicate (%)
Sodium sulfate phase V (c)
Sodium sulfate phase III (c)
Sodium sulfate phase I (c)
Sodium sulfate, delta (c)
Sodium sulfate (%)

Sodium tungstate (c)
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FILING : FILING

ORDER TABLE TITLE ORDER TABLE TITLE

Na205812 Sodium disilicate (c) 0,71 Titanium dioxide (2)

Nazossi2 Sodium disilicate (2) 02Ti Titanium dioxide (g}

Na,S Sodium sulfide (c¢) 02V Vandium dioxide (g)

NaZS Sodium sulfide (1) 02w Tungsten dioxide (c)
0,u Tungsten dioxide {(g)

Nb Nicbium (ref st) 0,Zr Zirconium dioxide (c)

Nb Niobium (&) 0,2r Zirconium dioxide (&)

Nb Nicbium (&) 0,2r Zirconium dioxide (g)

Nb Niobium, monatomic (g) 0, Ozone (g)

NbO Niobium monoxide (c) 03Pb3i Lead metasilicate (c¢)

NbO Niobium monoxide () 0,8 Sulfur trioxide (g)

NbO Niobium monoxide (g) 03Ti2 Dititanium trioxide (c)

NbBO, Nicbium dioxide (c¢) OBTi2 Dititanium trioxide (%)

NbO, Niobium dioxide (&) 0,5V, Divanadium trioxide (c)

NbO2 Niobium dioxide (g) , 04Y, Divanadium trioxide (&)

Nb,0, Diniobium pentoxide (c¢) 0,W Tungsten oxide w02_72 (c)

Nb,0, Diniobium pentoxide (&) 0,% Tungsten oxide W0, gg (c)
0,W Tungsten oxide W02.98 (c)

0 Oxygen, monatomic (g) O4W Tungsten trioxide (c)

o~ Oxygen unineg ion (g) 0w Tungsten trioxide (&)

OP Phosphorus monoxide (g) 03w Tungsten trioxide (g)

OFb Lead oxide, red {(c) O“PbQSi Lead orthosilicate (c)

OFb Lead oxide, vellow (c) OuPb3 Lead orthoplumbate (c¢)

OPb Lead oxide (%) OqSin Zirconium silicate (c)

OFb Lead oxide (g) OL}V2 Divanadium tetroxide (¢)

o] Sulfur monoxide (g) 0LV, Divanadium tetroxide (%)

08, Disulfur monoxide (g) 0gTa, Ditantalum pentoxide (c)

08i Silicon monoxide (g) 0.Ta, Ditantalum pentoxide (%)

08r Strontium oxide (c) 05Ti3 Trititanium pentaoxide, alpha (c¢)

0Sr Strontium oxide () OSTi3 Trititanium pentaoxide, beta (c¢)

0Sr Strontium oxide (g) 05Ti3 Trititanium pentaoxide (&)

OTa Tantalum monoxide (g) 05V2 Divanadium pentoxide (c)

0Ti Titanium monoxide, alpha {(c¢) 0gV, Divanadium pentoxide ()

OTi Titanium monoxide, beta (c) 04Py Phosphorus trioxide, dimeric (g)

OTi Titanium monoxide (&) 04w, Tungsten trioxide dimeric (g)

0Ti Titanium monoxide (g) 0,74, Tetratitanium heptoxide (c)

ov Vanadium monoxide (¢) 07Ti“ Tetratitanium heptoxide (1)

ov Vanadium monoxide (1) Oaw3 Tritungsten octaoxide (g)

ov Vanadium monoxide (g) ng3 Tungsten trioxide, trimeric (g)
ow Tungsten monoxide (g) OloPLl Phosphorus pentoxide, dimeric (c)
QZr Zirconium monoxide (g) 016Py Phosphorus pentoxide, dimeric {(g)
o, Oxygen, diatomic (ref st) 09,4, Tungsten trioxide, tetrameric (g)
02~ Oxygen diatomic unineg ion (g)

0,P Phosphorus dioxide (g) P Phosphorus (ref st)

OZPB Lead dioxide (c) P Phosphorus, red, v (c)

025 Sulfur dioxide (g) P Phosphorus, white (c¢)

028i Cristobalite, low (c¢) P Phosphorus (%)

0231 Cristobalite, high (c¢) P Phosphorus, monatomic (g)

028i Silicon dioxide (e) PS Phosphorus sulfide (g)

028i Silicon dioxide (&) P2 Phosphorus, diatomic (g)

OQSi Silicon dioxide (g) P, Phosphorus, tetratomic (&)

0,Ta Tantalum dioxide (g) P8, Phosphorus sulfide (c)

OZTi Titanium dioxide, anatase (c) P8, Phosphorus sulfide (%)

OzTi Titaniuwn dioxide, rutile (¢’ P“S3 Phosphorus sulfide (g)

4, Phys. Chem. Ref. Date, Vol. 7, No. 3, 1978



FILING
ORDER

Pb
Pb
Pb
Pb
PbS
Pbs
PbS

LI 7 B 7 I )]

SSi

si
si
si
si
si*
si
si,

Sr
Sr
Sr
Sr

Ta
Ta
Ta
Ta

Ti
Ti
Ti
Ti
Ti

< e o <

= =
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FILING
TABLE TITLE ORDER
Lead (ref st) W
Lead (c) W
Lead (2}
Lead (g) Ir
Lead sulfide (¢) Zr
Lead sulfide (%) Zr
Lead sulfide (g) Zr
Lead, diatomic (g) ir
Zr+
Sulfur (ref st)
Sulfur (e’ e”

Sulfur (22

Sulfur, monatomic (g)
Silicon monosulfide (g)
Sulfur, diatomic (g)
Silicon disulfide (e)
Silicon disulfide (&)
Sulfur octatomic (g)

Silicon (ref st)
Silicon (¢}

Silicon (%)

Silicon, monatomic (g)
Silicon unipos ion (g)
Silicon, diatomic (g)

Silicon, triatomic (g)

Strontium (ref st)
Strontium (c¢)
Strontium (&)

Strontium monatomic (g)

Tantalum (ref st)
Tantalum (c)

Tantalum (%)

Tantalum monatomic (g)

Titanium (vef st)
Titanium alpha phase (c)
Titanium beta phase (<)
Titanium (2)

Titanium, monatomic (g)

Titanium unipos ion (g)

Vanadium (ref st)
Vanadium (c)

Vanadium (&)

Vanadium monatomic (g)

Tungsten {(ref st)
Tungsten {(c¢)
Tungsten (&)

TABLE TITLE

Tungsten (g)
Tungsten unipos ion (g)

Zirconium (ref st)
Zirconium, alpha (c)
Zirconium, beta (c)
Zirconium (%)

Zirconium, monatomic (g)

Zirconium unipos ion (g)

Electron gas {(ref st)

J. Phys. Chem. Ref. Data, Vol. 7, No. 3, 1978
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ALuminum MonocHLorRIDE Uwipos. lown (ALCLY) ALCe”
(IpeaL Gas) GFW=62.4340
o Kealimol
T,%K < § (G -HmT  H-Hms AP aGe Log Kp
] -2:.188 204,522

100

200

298 BeOTT 55,467 55.667 0. 000 206,000 197.937 ~145.092

3060 B.085 55.517 Sf.407 0.0158 Z08. 005 197,887 =144 60

00 B.40a  57.891  55.789 0.641 208,314  195.135 -10646L17

500 B+592 59.788 56,4035 1.691 206,604 192,306 ~B4e05T

500 8.708 6la384 572104 2+557 206,873 189.420 68,9256

700 B.T8¢& b2.74 £T.8i2 3,432 207.120 1864491 =58s 225

800 BeB&1 634 891 582500 40313 2072339 183.529 ~50.138

300 8.883 64,935 59,153 5.200 207515 180,542 ~a34842
10008 B4 915 655,873 59,783 5090 205,122 177720 =38.841
11090 84942 hbaT26 &0 376 6.9E3 205,308 176.971 ~34.764%
1200 Bo 966 67.503 404928 T.878 205.487 172204 -310363
1300 B.989 &Ba222 Sle?l 6o 776 205.672 165,424 —~2B8.483
1400 P 083 56889 ALe4TT Y678 205.859 1664029 ~26¢0L2
1508 9. 039 659,511 420459 10.578 206.046 163,820 ~23.869
1600 9,068 70098 42.318 1l.484 206,235 160.998 ~21.991
1700 9.100 10 bbb 634357 12.3%2 208,427 158,166 202334
1300 9.138 Tia187 £3.770 13. 306 206.622 155,322 =18.85%
1300 9e181 TLa663 &4178 L4.220 206,820 152467 ~17.538
<000 9. 229 12,135 E4e565 15.140 207.021 149,600 ~16.348
2100 9.282 72.58¢ EhoI3E 16,086 20Ta226- 1460722 ~15.270
2200 s 3460 T3.019 650293 16,997 2074436 163,836 ~14:289
2300 9.402 T3.436 L£5.039 174934 2074653 140,944 =13.393
2400 . 468 73.827 65972 18.877 207,873 138.03% ~12.570
2500 9.53¢ 16,225 £be29% 19.828 208,100 135.122 =11.812
2500 9.608 T4.5601 662607 20.785 2080331 132,199 ~1le.112
2700, e 6RO T6a9E5 6E.309 21.749 208,570 129,265 =l0.463
e300 Ve TEA TS.3'8 67203 220721 139.404 127.155 ~3.925
2900 G 828 15662 6T 8% 23,700 139,907 12&6.707 =-9,54%
3000 92901 75,996 &1 767 24,686 140,435 126244 ~9.197
3108 Fe 574 T6a322 68. 038 25.680 140,958 125.761 ~B.868
3200 10.04% 764640 68e 302 25681 lel 4838 125.284 ~8555
3300 10.114 T6,950 6Be559 27.689 142,024 124e T4S 852462
3400 10.181 T7.253 48.810 28,704 142 .564 124,216 7985
1500 10.245 172549 692056 26,725 1423.110 123.667 =-T.722
3600 10.308 T7.838 85295 20,753 143,659 123.107 ~TRT4
3700 10.266 78.122 69531 31.787 164,214 122.527 -Te237
3300 10.%22 T82359 69 700 32,826 146,772 121.932 —7.013
3300 10474 782670 65385 33,871 146,335 121.327 ~6.79%
©JI0G 10, 522 784536 70.206 36,921 145,899 120.701 ~56595
410¢ 10.568 15,156 TQem2l 35.975 1464888 120862 =6.400
4200 10.610 79a452 Toeb 4 37.034 167,040 115413 “be 2l
4300 10. 649 T9. 7602 FOe342 38,057 147.614 118.748 -%.035
LXYs 1s] 10,684 TG54 Tlelbb 39.1¢4 148.1%90 118.075 ~5,8635
4500 10. 716 80,187 Tle246 “0u2%4 1484766 117.380 ~-5.701
wo0d 10. 746 BOa%23 Tiohbe3d A1a3CT 1494345 116.878 5,543
4700 104 772 Ble 655 Tre637 424383 149,924 115.958 -5.392
@800 10. 798 BG.8B2 71827 43,401 150.503 115.228 wSalbs
©500 10.81¢& Bla104 72.014 44,542 151,083 114,494 ~5.107
5300 10.835 81.323 F2a1v8 5,625 151 .661 113.737 -4.971L
5100 10850 8Ya528 T2.375 “6. 709 3152a220 112.976 —he 841
5200 18.864 81.749 T2.557 LT 7SS 152.817 112.199 ~4,716
5300 10.874 31956 T2.733 “8.882 153,391 11l.%11 ~%e 394
5400 104385 82.159 T2:90% 49,970 15349465 110,616 ~4e @ T¥
55008 10.893 BZ.359 73.076 51,059 154,533 109.804 —4.363
5600 10. 899 82555 T3e243 52,1468 155,100 108.988 —4.253
3700 10.902 82.748 Ti.408 53,228 155,864 108.154 =% 14T
SB00 18,906 82.938 Y3.374 54,326 156.223 107.321 ~ 4y 044
5900 10. 307 B3.324 13,731 55,419 156.778 106.473 ~3 . 344
e300 19.507 83.308 72,849 50.510 157,327 105.618 ~3,8&7

June 30, 1968; June 30, 1970; Jume 30, 1976

ALUMINUM MONQCHLORIDE UNIPOSITIVE ION (AlCl"} (IDEAL GAS3 GFW = 62.4340
Ground State Configuration 1%z AHf(') = 204.5 & 10 kcal/mol ALC l_+
N B 1 i . « . . N
5298.15 = [55.47 & 0.4} gibbs/mol AHfZQQ.lS = 208 ¢ 10 kcal/mol

Electronic Levels and Quantum Weights

State £:, CM B;

2“ = A 1

12z o (23

t2m3 [10000] u1
G, = [5701 en™> agty = f2) cnt o= 1 .
8, = [0.2618] et a, = £0.00151 ca’ " r, = 12.051 A

Heat of Formation

We adopt uhfé = 204,520 kcal/mol based on that of A1Cl(g) (1) combined with the ionization potential IP(AICl) = 9.u=z0.4 &
{216.829 kcal/mol). 0.4
{23, 9.520.3(3) and 9.3:0.6 eV (&},
ab initio caleulations (5, 75 either 8.4 eV (direct valued or 9.8 ¥ derived from D(ALC1™). Electron-impact formation of A1C1"
from ALCl, (8} apparently yields fragmfntzions Ui:hlexcess erzxergy; i.e., we derive the upper limllt IP<1i.7 eV,

For the dissociation process ALCL (X°I) = AL (7S) + Cl(°P), our adopted aHf® yields Da(AlCl ) = 39210 kecal/mol. This
compares with “~31 kcal/mol derived from the theoretical pofenti.al energy curve (5, 7) which, however, has & maximum of

IP(A1C1) is assumed to be equal to the electron-impact appearance potential of a1C1Y measured as 9.
Theoretical values include IP = 8.83 eV from an extended Hickel calculation (5} and from

~8 kcal/mol arising from an aveided crossing with another %1 state.

Heat Capacity and Entropy

Bonding in CGroup III monchalides and their ions was characterized by Berkowite and Dehwer (1) from photoelectron spectra
and theoretical calculaticns (8, 7). They concluded that ionization removes an electron from an antidonding orbital centered

This shortens the bond length and enhances the ionic nature of the bond. A decrease in bond length is

mainly on the metal.
observed for BE'(8), predicted for ALF® (1) From Rydberg states of ALF, and predicted for ALCL’ from theoreticsl calculations
g, 2. R
For A1C1" we adopt r, *® 2.05 ;\ based mainly on the theoretical prediction (6, 7i. This may be compared with 2.13 A for
ALC] and 2.06 A for ALCL, (D). Lacking.data for Rydberg states of AlCL, we estimate w, from k(A1€1")/k(MgCl) = 1.7 transferred
from the similar iscelectronic pair ALF and MgF (1).
with ALFT, ALF and ALCL (1).

The electronic ground state and an appr‘cximate.value for the

Be is calculated from 7, while gy and @ x, are estimated by comparison

2 7). These
‘s state

i level are based on theoretical calculations (&
suggest that 1 has only a shallew minimum {(r >3.6 A} or possisly is repulsive. They also indicate the presence of a

having a double minimum above 30000 cm™t. If it is repulsive, our thermodynamic functions are

We include only the ‘Il state.

upper-limit values. The bias would be quite small even at 3000 X.
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AvumiNum CHLORIDE FLreori1pDE CALCLF) ALCLF
(lbpeatr Gas) GF¥=81.4329
. Lealimal
g f
T, °K cp §° (G -HWma)T H'-Hm aHP AGF Log Kp
'] 00 000 0,000 [NFINITE ~2:900 =ll6a654 -116.654 INFINLITE
100 90039 56,437 TTelidg ~4-070 =116.626 ~117.812 257.47d
200 10.50% £3.160 684023 =1.092 ~116.602 =118.950 129982
298 114665 67e 586 &Tab 84 2,000 ~117.000 ~119.966 B8T7.938
300 11,682 67.659 6TabBT 0,022 ~117.004 ~119.985 B87.%409
«00 126421 T1a1320 EBe Q55 12230 ~117.195% =120.949 £86.083
500 12.868 73.953 68.96% 2,456 -117.3289 -121.866 53.267
600 13.169 T€.326 63,996 3,758 ~117.597 ~322.742 44709
700 13.333 TE.368 Tileus0 5.123 ~117.822 ~123.582 38,586
800 13,459 80.157 T2.078 boat3 -118,075 ~124,388 33. 981
G0y 13.548 By Tl T2.006 7.213 ~118,349 ~125.140 30.393
1300 13,614 82,179 TAQUT %.172 -121,233 ~125.71% 272475
1130 13,882 36.579 T4 30] 14.525 =121.523 ~126.148 25.083
1200 13.702 852669 75,799 11.90¢ ~121.812 ~126.556 234049
L300 13,732 Bba767 T2e355 12,276 ~122.101 ~126.940 21340
1400 12,756 ©7.788 77,320 A%l 850 -122.391 ~127,300 19.872
1500 13775 £BLT35 78055 16,026 ~122.682 ~1272 641 18597
1600 13.791 BI 628 T8.7%7 17.405 ~122.974 -127.963 17.6T79
1700 13.80% LA Ta61] 18.785 ~123.287 -128.264 LoD
1800 13.818 F1.251 80,08 20:166 ~123.560 ~128.550 15.608
1300 13.82% 91,999 $D.657 Zl.548 ~123.855 -128.819 144818
2090 13,834 92,707 Bla242 22,931 ~124.152 -129.073 14,104
2100 13.841 53.382 B1onde 24,314 ~124 450 =129,313 13,458
2200 13,867 94,026 B2 3=% 25699 ~124.750 -129.538 12.868
2300 13,853 ELN T 82.858 2¥a384 -125.050 ~129.746 12.329
2400 13,859 95,232 83,370 28.470 =125.353 -129.94%4 11.833
2500 13.864 95,798 A3.4355 29.856 ~12%.6586 -130.131 11.376
2600 13,869 96a342 84,385 31.242 ~125,965 130,303 10953
2100 13,874 6. 855 B4oTo0 32,629 =126.273 ~130.465 20,560
2800 13.873 97.370 88224 34,07 -195.993 ~129,78% 10130
2900 13.884 97.857 25,405 ~196. 044 =127a2%19 Go 633
3000 13.8%0 98.328 36,754 ~195.097 ~125%.052 $=110
3100 13, 898 9B. 783 B6e 4bo 38,183 ~196.151 ~122.683 Bab49
3200 13.903 G%.224 86.8%4 33,573 ~196.207 =120.312 8.217
3300 13.911 99,652 87,229 «Q.966 ~196.266 -117.938 7.811
3400 13.919 100.068 8leoid ©2.355 ~195.324 =115.565 Tak26
3500 13.922 100.477 87.572 “3.748 ~196.338 -113,189 7.068
3600 13.938 100.86% 88,325 45.1el 196,452 ~110.808 8aT27
3700 13,965 107.2086 88,5669 “«b,535 ~196,518 ~108.430 60 %05
3800 13.96% 0l.6%8 29,005 £T7.931 ~196.585% ~106.048 60 099
3930 13.974 01.981 89,332 “%.328 ~196.553 ~103.663 5,809
4300 13,988 102,335 89,053 53.T26 ~196. 724 =101.280 56534
L2100 14,003 102,680 B9 WOT 52.12% -196.796 ~§8. 896 5.272
4200 14,019 102.018 $0.274 53.52¢& ~196, 868 -96.505 5.822
2300 14,038 103.348 90s 57w 54,929 196,942 ~9%.114 4.T733
«430 14.054 103.67F 56,334 ~197.017 -51.718 4e556&
%500 146,073 103,987 57,740 ~197.09% —-B89,328 4o 338
@600 14.093 104.297 5%.148 ~197.169 =86.931 %130
4700 14,114 A046.500 6D.558 ~197.269 —84,537 3,931
%830 14.135 10¢.897 61.871 ~147.328 ~82.138 3. 740
@330 14,158 105.18% 63,386 -197.407 ~79. 731 3.556
5000 lé4s181 105.473 G24515 64,802 ~197.483 -T7.332 3.380
5100 144205 T05.T5% 24772 686,222 ~197.571 ~T4,928 3.2
5200 14.239 106,022 CENS Y oT.844 ~197.885 =T2.522 3.048
5300 14,255 1086304 93.272 ©F.068 ~197.742 =Tg.ll6 2.891
5400 14H,28% 106,570 G3.5%¢e 10,495 ~197.829 —-6T.TQY 2.74%
5500 14,308 106,833 $3.756 T1.924 =197.919 -65.298 2.593
3600 14,325 107,09 332591 73,355 ~198.011 —~62.884 Za454
5700 14,362 107.345 Pha223 T4.751 ~198.104 ~60.473 20319
5600 14,350 107.595 Qhab52 16,229 ~198.201 ~58.054 2.188
5300 lha 1T 167.841 Fhan?T TT.8689 ~198.302 —55.439 2:061
$000 1485 108.083 Qben3Y 75.112 ~19B.40% =53.21% 1.93%
pec. 31, 1960; Sept. 30, 1964; Jume 30, 1376

ALUMINUM CHLORIDE FLUORIDE (ALCLT) ({IDEAL GAS) GFW = 81.u4329

Point Group C, aEFg = [-216.7 = 18] keal/mel AL [ L F
S%9g.15 = [67.59 ¢ 1] gibbs/mol BHF3gy 1o = [-127 & 18] kealf/mol

Electronic Levels and Quantum Weights

€ ot Bi

fol 2
[200001 ?
[25000] 2

Vibrational Freguencies and Degeneraciss

@, cm
{7501¢1)
[200J(1
(550113
Bond Distance: AL-F = [1.65] A  A2-C1 = [2.10] A 0= 1
Bond Angle: Cl-Al-F = [120°]
" Product of the Moments of Inertia: T,Ipl, = [1.8405 x 107} g% ca®
Heat of Formation

M tentatively adopt AHES.q * -117315 kecal/mol and Hag = 781215 kcal/mol based on our average bond energies for ALF,(g)
and Alclz(g) {1}, Mass-spectrometric date (2,3) yield aHEG g = ~182.6 and AHag = 267 keal/mel, corresponding to an enhancement
of 26 kcal/mel in the stability of AICIF(g). The same study (2,3) indicated stability enhancements of 22 (or 13} kecal/mol for
ALFQ, 19 keal/mol for Alclf7 and 22 kcal/mol for AlClZF. See the appraopriate tables (1) for further details.

Farder et al. (2,3) used molecular flow effusion of vapers of AIF3 and ALC],B over Al{(4) in A).?Oa(c) to study the reaction
ALCL{g)*ALF(g)=A1C1IF(g)+Al(g). They calculated Kp (5 points, 1338-1537 K} directly from mags-spectrometric ion intensities.
Using JANAF auxilisry data (1), we derive [4Sr°(2nd law)~ASr®(3rd law)l = 0.8:18 gibbs/mol, AHrSg, = 12225 (2nd law) or 11.2:5
(3rd law} and BHEG o, = -142.625 keal/mol. These results are internally consistent but, as in the case of AlF, (2,3), we

suspect that common problems may cause a negative hias in AHE®. . The icnizing energy is ambiguous: 20 eV (3} or AP+3 eV (2).

The

(see

appearance potential AP(ALCLF') = 1121 eV is biased by %2 eV, raising several quesiions about interpretation of the data
AlCl.z*, 1J. It is conseivable that A1C1F” arises from a process other than direcr icnization of AILLF.
We conclude from these speculations that the experimental data (2,3) are insufficient to establish the eshanced stability

of ALCLIF. Mass-spectrometric data indicate very little enhanced stability in BCLF {3), in agreement with average bond energies

summarized on the table for ALCl, (1).

Heat Capacity and Entrop
The electronic ground state, excited levels, bond distances and bond angle are assumed to be the same as in A1C12 and Al?7

(1). Vibrational frequencies are estimated by comparison with AlCl, and AiF, (1). The principal moments of inertia are

2.382 % 10739, 23.860 x 107°% ana 26.002 x 107%% g en?
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June 30, 1376

ALuminuym CHroripe FrLuoribe Pos. low ALCLF®
(IpeacL Gas) GFW=81.4324
B keatfmol
1, op° § (G -Hme)T  H-Hme ABP AGP Log Kp
o ~3.020 66,745
190
200
298 12.53¢ 62.048 52068 0.009 66,000 63.198 —46.325
360 12,553 624128 62048 0.023 66,007 63.180 65,026
<00 13.298 65,847 62.550 1.319 66,460 62.179 ~33.3%73
500 13.763 68.B68 634521 2673 66,791 51,078 ~28e 697
£00 14,062 Tl.40¢ 64630 4.086 6T.371 59.900 -21.81%9
700 Yho 261 732550 65,757 5,483 67,534 58. 659 ~18e314
8900 14.39% 15.503 65.853 6a916 67,871 57.367 =15.672
900 14497 77,205 £T.515 Ba3ki 58,168 56,037 ~13.608
1000 Ve 570 T6.737 6B 322 G834 65,896 54,857 ~11.989
1100 14,825 BG.1z8 65,873 31.27% 66,200 534 738 <10, 677
1200 14e 668 B1s 433 TC. THT 12,739 66,503 52.591 -F.578
1300 14702 82.578 Tl.669 14,208 656,808 51.420 ~Bob45
1400 14,729 B3.669 T2:.469 15,679 874112 S0.2268 ~TaB41
1500 14,751 84,686 T3.250 17.153 87,416 49,009 ~Tolél
1600 14 TES 854638 73.995 18,5629 STaTLT 4T 771 =5, 525
ito0 4. T8 -B6.534 T4. 706 20,107 66.019 48,518 -5.988
1300 14,797 A7.379 T5.387 2L.586 68,321 65,243 -5, 493
1500 14,807 88,180 T6.0Q39 23,088 66,621 43,953 ~5, 854
2000 14.8%7 88.939 Y6666 24,547 58,919 42,847 ~4o560
2100 4. 825 B9.663% Tl.267 262030 8%.216 41.323 ~&s 301
2200 14,832 96,352 TT.847 2T.512 $9.511 39.%988
2300 14,828 9T.012 78,405 26,998 63,807 38,043
2600 14. 842 9643 78,361 20,480 T0.099 37.282
2500 14,8648 92249 TGeubd 3R.964 70,389 35,906
2600 14,852 92.832 75,967 33.649 T0.677 34.521
2700 14,855 932,392 80.456 34,935 70,964 33,124
2800 14,859 93.933 B0.925 3ba421 l.839 32.54%
2500 14.8862 Qb 454 81,343 37.987 22384 33,635
3000 14,865 Q4. 9586 81.827 39.393 2,925 34,703
ERR 1) 14867 95.4nt B82.£59 40,880 3,485 35,753
3200 16,862 95.918 B2.678 42,386 4. D02 36.787
3300 14,871 96375 83,088 ©3,853 «.537 37.804
3400 14.873 96,819 B3.484 45.3%% 5,089 38.803
3sep 14,875 97.250 83,871 460828 5,599 39, ¥8Y ~2e 4 8%
3600 14.877 47669 Bb,208 48a.318 b.526 &0 T6Q =2e474
3700 14.878 98.977 Bé,6)7 49,803 6,650 41,712 ~2s 484
3800 16,879 98.474 84.976 §1.29) Tal?2 420653 ~2.453
3500 14,883 98.860 BS.327 52.779 Tab32 43,582 ~2ehk2
L3008 14,882 99 237 85. 673 54a287 8.207 &4 .493 =2.43%
&108 14.863 99.605 86.008 55,756 8,722 456391 ~2.420
@200 14,885 99963 85334 57.246 9.233 %6.281 ~2.408
«300 14,885 100313 B6.H55 58.732 $.742 47158 ~2¢397
%400 14.886 100,656 86,969 60.221 18.268 &8.025 ~2.385
4500 1%. 866 100.9%0 87.277 61710 10.750 48,875 ~2.37%
4600 144 887 101.317 87.579 63,190 11.252 43 TL8 ~2s362
& T00 14.888 101.4238 87.874 64687 11.748 50545 ~2.350
4800 14,888 101.951 88,14 66,178 12,242 51.366 ~2.33%
4500 14, 889 102,258 88a 449 nfabes 12,7346 52,183 ~2.327
5300 14.990 102.559 BB.728 69.154 13.220 82,978 ~2.316
5100 144 890 102,854 89.002 TGab43 13,705 53.770 =2304
5200 14.8%1 103,163 B9.2z71 72122 14.183% 54,561 ~2.293
5300 14,891 103.426 89,536 T3.621% 14,680 55.322 -2+ 281
5400 14,892 103. 70% B9, 796 75.110 15.132 56.085 2,270
5530 14.892 103.978 20.051 76.599 15,598 56,836 -20258
5600 14,962 104,246 90.302 78,088 16,060 57.585
5700 14,893 106,530 80,549 19578 16,518 $8.31%
5800 144892 104.756% $0. 792 1,887 16.970 59.052
5300 14,896 105.024 $1.031 82.5%6 17,418 59.772
5000 162894 105,274 Gl.268 B4 048 17.855 60486 -2.203

Zig

ALUMINUM CHLORIDE FLUORIDE UNIPOSITIVE ION (ALCIF')

(IDEAL GAS) GFW = 81,4324
Point Group [C, J BHEY = 4.7 = 30 keal/mol ALCLF?
3598.15 © {62.05 = 1.51 gibbs/mol AHE;‘}B.lS = 66 3 30 keal/mol
Ground State Quantum Weight = [1]
Vibrstional Freguencies and Degeneracies
w, cm =
[8s501 (1Y
L1701 ¢
[s681 (1)
Bond Distances: Al-F = [1.60] ;; Al-C1 = [2.08] Z
Bond Angle: F-Al-CY = [180°} ¢ =1
Rotational Constant: B, = [0.09596] cm ™
Heat of Formation
We adopt AHES = 68¢30 kcal/mol based on 8HF® of ALCIF (1) combined with the ionization potential IP(ALCIT) = 382223

298
kcal/mol (7.921 eV). 1IP is estimated by comparison with IP(AlCIz) = 7.820.9 eV and IP(AJFQ) = 8.1:0.9 eV (1l). Farber and

Harris (2) reported an appearance potential of AP(ALCLFY) = 1121 eV which appears to be seriously biased. This iz discussed on
the tables for ALCL,"(g) and ALCIF(g).

Heat Capacity and Entropy
We assume the electronic ground state to be linear l:‘ and neglect excited states (1). Bond distances are estirated to

: + +
be the same as in ALC1," and Al}‘z' (1). Vibrational frequencies are estimated by comparison with ALCIF, AlCl, and AlF, Q.

2
The moment of inertia is 23.168 x 10777 g om®.
Reference

1. JANAF Thermochemical Tables: AlC1F(g), AlCl;’(g), AlE‘;(g) 6-30-76.
2. M. Farber and S. P. Harris, High Temp. Sci. 3, 231 (1871}.
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Arvminwun CHiLoriDE DiFLUORIDE ALCLF o
(Ibpear Gas) GFH=100,4313
b kealis ]
- Kealy
T, K cp* (G- MlmelT  H~Hms AHIF AGP Log Kp
U 04800 ‘O.DOO TNFINITE =3.528& =238.035 ~238.035 INFINITE
100 10. 484 58,948 832060 ~2:669 ~2384317 -237.520 519.0%9
200 12.678 652305 72.531 ~l.645 ~238.593 -236.620 258567
298 15.642 Tial58 T1..58 3.000 —-238,800 =235,609 172. 706
300 15672 T1.255 Tlel28 3.029 =238.804% ~235.5%0 171.627
400 16.9¢8 75.955 7790 1666 =238.951 ~234,6%% 128.121
500 17.79% 79.837 73.023 3.407 =239.074% ~233.3866 182.004
400 18.332 83,1232 Téasu 5,215 -239.191 ~-232.213 B4 584
700 18492 85,987 T5.898 T.067 ~239.31% -231.0560 T2.134
800 18,943 B8RS00 T7.313 8,950 ~239,458 =229.850 62,792
06 19.42% 90a 742 78,682 10:854 ~239.637 -228.5638 55,521
LUas 19.257 92,756 79.9491 12.773 ~262.382 -22%.222 49,659
1100 19,358 94, 605 Blazs? Les 706 ~242.551 =225.6%8 4%08%42
1200 19.437 96,292 B2.422 YLy =262, TLY 2260159 40.6825
1300 19,493 97.851 83,550 18.591 ~2462,882 ~222.605 37,923
1400 19,549 99.298 Ghablm 204543 ~243.,048 =221.039 34,506
1500 19.58% 100,648 35.648 22,500 ~243,21% =219.461 31.975
1600 19,622 Inl.913 B6.625 2hotbdl ~243.38] ~217.873 29. 780
1700 19.650 133,104 87,560 26,425 -243,54% =2164272 27,804
1600 19.674 106,228 88,455 ¢B8s391 =243, 718 214,663 26.064
1940 13694 105,292 B9.313 30,359 ~243.889% -213.044 24.506
2000 19.711 106,302  90.i38 32,330  -244.082  -211.416 23,102
2100 19.725 107.28% S8.910 344301 ~264,237 -209.782 21.832
2200 19,738 1p8.182 Slab9% 386,275 =244 4414 ~208.137 20,677
2300 19. 750 109,060 92.430 B.269 ~244.593 ~206 480 19.620
2600 19. 759 109.901 93,14l 40,224 ~244. %75 ~2044820 184651
2500 19. 768 114.708 934827 42,201 =254 ,960 ~203.154 17.760
2600 19.776 111.433 EIPLTrS G178 ~265,148 ~201.4T7 164936
210G 19.783 112.220 95,135 $hal56 -265,338 ~199,794 16,172
2800 19.789 112,949 95,738 “B.135 =314.940 ~197.274 15.3%98
2300 19.794 112,646 G6.303 50.114 ~314, 875 ~193,072 16,550
3300 19 79% 114,315 94,930 32.093 ~314.813 ~188.875 13,760
3100 19.804 114,966 87.521 54.07% ~314,753 ~184.078 13.020
3200 19, 808 115.593 98.076 38.054 ~3}%.698 =180.481 12.326
3300 19.812 116,203 F8.610 585,025 ~314.545 =1T6.288 13.675
3600 19,315 126,794 994142 60.017 ~314,59% ~172.097 11.062
3500 19.81%9 117.368 99,655 &l.998 ~314.551 ~16T7.906 10.485
3600 19.821 117.927% 1004154 ©3.980 ~314.%09 ~163.713 Ga®39
3780 1%.826 118,470 100,042 55,963 ~314.470 ~159.527 Guk23
3BO0 19.827 118,999 101.:18 oT.54% ~314a435 ~1552340 B.934
3900 1%, 829 119,614 10%.583 69,928 ~314.405 -151.1%53 8,470
4000 19.33) 120,076  102.033 71,912 ~314.378 -146.96a 8,030
4300 19. 833 120,505 102. 282 T3.894 =314.354 ~142,787 T-611
%200 19.835 120.933 162,917 75.877 ~314.334 =138, 601 Ta2l2
4300 19838 121.450 103,343 77861 ~2314a317 ~134. 418 60832
4400 19.838 121.906 103, 780 19.845 =314.304 ~130.229 bab69
4500 19.839 122,352 106,148 8l.82% =314a298 ~1260049 bal22
4600 19.84% 122.788 i04.508 #3.813 -314,289 ~121.855 $.790
2730 19.862 123.21% 106,960 B5.797 ~3144290 ~L17,685 5e%72
4800 19 843 123,633 105,345 87781 —314,292 =113.501 5,168
4300 19844 r24.042 10%.722 89.765 ~314,300 =109.311 4875
50600 19 848 124,443 V064093 91.750 =314.312 ~10%.132 “e535
5100 19.847 124,330 106.455 $3.725 ~314.3227 =10G.949 %2326
5200 19,848 1254221 T06.813 9%5.719 =314.349 ~96. 762 4067
5300 19. 848 125.599 107164 ST 704 =314.375 ~32.579 3,818
5600 19.845 125,970 107.509 99,5689 =314.407 ~B8.336 3,578
5500 19.850 126,334 107,848 101.674 —314o%45 ~8%4a2211 3a346
5600 19.851 126.692 108.181 103,659 ~316.488 ~80a 021 3.123
5730 19. 852 127,043 108.509 105544 —~314,537 =754 837 2.908
5360 19.852 127,389 108.832 107.629 -314.592 ~71.648 2.700
5900 19.853 127.728 199.149 109.614 ~314,685 ~b6Te459 20499
&000 19 854 128.0862 109,682 111.600 ~314.125 ~53.268 20305
Dec. 31, 1960; Sept. 30, 1964; June 30, 1976

ALUMINUM CHLORIDE DIFLUORIDE (A1C1F,) {IDEAL GAS) GFW = 100.4313

Point Group [C, ) AHfg = ~238.0 = 1.5 keal/mol AL C L}-Z
b = 3 . _—
S3gp.15 = L71.28 ¢ 1] gibbs/mol SHESge 1o 5 -238.8 t 1.5 kcal/mol

Ground State Quantum Weight = (11}

Vibrational Freguencies and Degeneracies
-1

2, em w0, on
{800} (1} 15107 (1Y
5203 (1) {2101 (L)
f2u03 (1) 2601 (L)
Bond Distances: Al-F = [1.63] ;. Al-C1 = [2.06] ;\ o= 7

Bond Angles: C1-AMJF 2 [120°) F-AL-F = £1207)

Product of the Moments of Inertia: I,TgIc = [1.2008 x 10703

1 ga en®

Heat of Formation

We adopt uHfjge = -238.82=1.5 kcal/mol and dHagy = 380,823 kcal/mol based on Hrjg, = 0.5:1 keal/mol for 1/3 AlCL (g)

* 2/3 AlF,(g) = ALCLY,(g). Krasse and Douglas (1) cbtained this result by an entrainment meihod which measured enhanced
velatility of Alf‘3 in the presence of Alcla. Corrections were made for all the possidble dimers which can form in this system.
The entrainment data establish that aiuminum fluoride-chloride exchange reactions are almost thermoneutral.

Our adopted aHf® is compared below with an approximate mass-spectrometric Kp for reaction of A1F2 with ALCI2 {2¥. The
discrepancy in qu'(AlClFQ) is -18 kcal/mol if we use AKf® = -180 (A1F2) and ~71 (ALC).?) gerived from the mass-spectrometric
data {2, 3Y. The discrepancy disappears if we use AEf®=-155 (Ale) and -87 (A1CL,) derived from average bond energies in
AlF, and A1C13 (43. This favors the*latte? values of AHE® for‘Ale and A1012 {&), although the discrepancy might arise frem
the observed ion intensity of ALCLY, . The signal from ALCIF, was very weak at %0 eV (5); this high ionizing energy might
bias Kp and cause considerable fragmentation. We can eliminate ALF,[ and A;Cl,{ by taking the difference between the mass-
spectrometic reactions for AlCLF, and ALCL,T (4). This yields [AHf’(AlCle)ut\H['(AlClz}')]: ~k7 kecal/mol which agrees with
-49.8 kcal/mol from entrainment data (1). Thus, we tentatively ascribe the discrepancy te ALF, (4) and ALCL,.

Source Method Reaction Range AHrg SHr gg aHESge
T/X -~ = = - -kcal/mol- - - - - -
(13 Krause Entrainment 1/3 ALCL,(g)+2/3 ALF (g) = ALCIF,{g)  1196-1257 0.521 0.551 -238.8
(27 Farber Mass Spec. ALF, (g)+ALCL, (g) = ALCL{g)*ALCIF,(g) 1691 ——- ~19.2 2108
2 2 2 2 or -258
& Assuming sHES . = -166 (ALF,) and -7 (ALCl,) kcal/mo}.

b Assuming aHESg. = -180 (ALF,) and -71 (ACL,) keal/wmol.

Heat Capacity and Entropy
We adopt a sz structure with bond angles and bond distances assumed egqual to those in AlFa and AlCl3 {4). We assume a

singlet electronic ground state and neglect excited states. Vibrational frequencies ure estimated by comg.;rison of Alragand
ALCly with the series BF,, BC1Y,, 8C1,F and BCly (8, 2). The principal moments of inertia are 12.572x107°°, 26.286%10
and 38.818 x 10737 8 cml.

Rzferences

1. R, F. Krause and T. B. Douglas, J. Phys. Chem. 72, 3usu (1968).

2. M. Farber and $. P. Harris, High Temp. Sci. 3, 231 (1971).

3. 0. 4. Uy, R. D. Srivastava and M. Farber, High Temp. Sci. &, 227 (1372).

4. JANAF Thermochémical Tables: Al!‘z(g), AlClz(g), AlCle(g) E=30-76; AlFstg), AlClg(g) £-30-70.

5. M. Farber, Space Sciences, Inc., Monrovia, Calif., personal commun., August 3G, 1976.

6. D. F. Wolfe and G. L. Humphrey, J. Mol. Struct. 3, 293 (1969).

7. L. P. Lindeman and M. X. Wilson, J. Chem. Phys. 2bu, 2u2 (1356).
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Aruminun Drcueoribe {Auligp) ALCL,y
(Ipear 6Gas) GFW=97.8875
. Keal/mot
gibbs/ — calf

T.K Ccp° 5 (G -Home)T  H-H'se AHP AGP Log Kp
3 0.000 0.008 (INFINITE ~3.051 ~6beT6% ~56 4,763 INFINITE
109 Ga482 57.302 © TH.321 - 20202 ~66.TL0 =6T7.76% 148,103
200 11.249 bhablB TCa2ia 12163 —6beBLS =58.785 52165
298 12,361 6%.146 £%. 140 0. 000 ~6T.000 ~69.710 51.096
ED 12.356 694,222 69,540 0,023 -67.003 =69, 727 50. 796
%00 12.932 124864 89,639 1.290 ~5T.165 ~70.610 38,579
500 13,249 T5.787 T0.586 2601 ~6T.338 ~Tia451 31,233
500 13,436 78.227 Tlaot] 3.92¢ ~67.531 ~72.256 262319
700 13,555 80.302 72754 5,286 =67.Ta% ~73,027 224800
300 13. 635 B2 117 T2.810 bubbb ~67T.987 «73.766 20.152
300 3,691 83.727 TauB24 8.012 ~68.273 ~T6,47} 18.084
1000 13,731 85.171 15,788 $.383 =Tie.129 ~T%.960 160383
iigo 13.762 B6.6B2 ThaTu2 18758 ~71,410 ~75.330 142967
1200 13.785 Al.5680 77507 12136 ~Tle692 ~75.675 13.782
1300 13,803 BB. T84S 78,388 13,518 72 ~75.995 12.778
1600 13,818 85,808 752158 1%4.8%6 ~72.25% ~76,293 11.%10
1500 13. 830 S0 762 752909 16,278 -T2.537 ~T6.572 11.157
1600 13.839 91654 3006 ~72.820 ~76a632 10495
1700 13, 847 G2a 494 al.290 =73.104 ~T7.073 9.908
1800 13.854 $3.285 81,935 ~73.388 ~77.298 92385
i900 12. 860 96,034 82552 ~T3.673 ~TY506 82918
2000 12.885 Fb, Tel 83,140 =73.96% ~TT.702 84491
2100 13.869 95422 83.7.3 éna590 ~Tho268 ~TT7,883 82105
2200 13.873 6067 84,2060 25.977 ~T4.532 ~T8.050 Ta754
2300 13.877 6884 84,747 273064 ~T4.828 ~78. 200 T3l
2400 13. 880 $7.275 85,295 2BeT52 -75.120 =7§.340 Tal3s
2500 13.88¢4 $7.842 85,785 30.14) ~T5.414 ~T8.% 7L 52850
2600 13. 887 584385 B6e 260 31.529 ~T5.710 ~78.586 6.606
z2700 *3.891 $8.97 0 3671k 32.918 =76.008 -78.693 64370
28G0 13.895 G416 8%.163 364207 ~165,719 774955 64085
2900 13.899 99.903 87.59¢ 35,657 ~145,759 ~75.536 5,693
3¢d9 13,904 TR0.375 AB.012 37.087 ~145,802 ~73.1L3 5.326
3100 13.909 180,837 82abi 35.473 —~145.84T ~70.689 42384
3200 13.936 101,272 88.813 39.8&% -145,895 -6B.266 4abbZ
3300 13.922 101. 701 97 “le261 =145.945 -65,836 4u360
3400 13,930 12318 89,571 42.554 ~145,597 -63.409 42076
3500 13,939 102.520 89,935 whe 047 ~166,052 ~60.981 3.808
3500 13.948 102.9)2 GO 2v0 45.44) ~146.109 -58.546 3.55¢6
3700 13,958 103.295% 0,637 464937 ~146. 167 -98,114 2 315
3600 13.970 102,668 90.973 40.223 ~146.228 -53.58] 3.087
3330 13.982 106.031 5Y.305 49.563] =146,289 -51.241 2.87;
«020 13,998 104385 9la027 51.029 ~146,355 ~48.806 2a667
4100 14.070 104731 AT Y] 52.620 ~146.419 66,369 20472
4200 14.0826 105,068 92.251 53.832 ~1464485 43,927 20284
2300 14.043 105,399 92.553 55,235 ~146,5%3 ~4) %85 2.190%9
©400 14.060 105,722 ©2.86% 5364640 =146, 621 =39.03% 1.93%
=500 14 079 106.028 93,148 58,047 —-146.6%1 ~38.593 1.777
2630 14099 10¢&,348 93,422 5%.456 ~146.759 ~34albd leb22
» 700 14,119 106,657 93.70L 60.867 =146.830 ~31.69% 1474
*B0Q 14.141 106,948 62973 02,280 “1%6,90L ~29.250 1332
%900 léel63 107,240 Gho2n] 03.695 ~1462972 ~264T91 1195
3000 14,186 107.5%27 G4 S0% ©5.113 ~147.04% ~2%.341 lalés
5100 14.210 107.808 S4uTold 06e532 =147,115 ~21.883 $.938
5200 14.235 1OB.084 954016 67.95% -147,187 ~19.428 0.817
5300 14260 108,355 05,265 659,379 ~147.282 -16.973 8.700
5420 1he 288 108,627 LA 70.807 ~147,335 ~14.512 Q587
5500 14,212 108.884 95,754 72.238 ~lae7.412 ~12.083 0,479
5600 14. 329 109,143 $5. 4537 T3.669 ~147.488 ~5.591 0.374
5700 Jha3be 109,397 56.220 75.106 ~14T.566 ~T.133 0.273
5800 14,393 100,647 EEPEE-H) Te542 —147. 646 —habb2 dal78
5900 l4.421 109.893 FbabT0 T7.687 147,724 ~2.198 Q.08
5000 l1hphag 118,138 G6o058 79,628 ~147.813 D.270 -0.018

June 30, 1961; Sept. 30, 1$64; June 30, 1§72; June 30, 1976

ALUMINUM DICHLORIDE (AlClz)

Poi ¢
Point Group [“’zv)

(IDEAL GAS)

GFW = 97.8875

AHfa = -66.8 = § kecal/mol

ArCiy

$7gg.15 © [89.15 ¢ 0.6 gidbbs/mol BHF3go g = -B7 2 5 keal/mod
Electronic Levels and Quantum Weights ¥Vibrational Prequencies and Degeneracies
-y =
S;ate €, cnm & @, em
Ay Lol 2 {L303(1)
3, {20000 2 £1601(1)
‘s, {25000] H S{5703415
Bond Distance: Al-Cl = [2.101 A LI
Bond Angle: C1-A1-Cl = [120%]
Product of the Moments of Inertia: I 1l = (5.9239 x 10712%1 ¢ cn®
Heat of Formation
We adopt a)'.'f,zga = -§7:5 kcal/mol and /)H-s& = 201.426 kcal/mol; i.e., the average bond energy sHag/? = 101 keal/mol is taken

equal to that of AlCL, (1).

may be significant bias

Chal et al. (2} derived aHf
carrier gas. Weight-loss data (800-1000 K} for Al and AlCLa were analyzed assuming five vapor species (ALCl, AlCL,, A1C13,
Experimental data were combined with auxiliary data, including

in these values.

298

AL, CL,, AL, Clg) in four simultaneous equilibrium reactions.

S®(A1C1.) and Kp for two reactions, to: derive qu'(AlClz) and Xp for another reaction involving Alzclu.
in S'(ALCIZJ, oHf® = -68 is still appropriate for the AlCL, equilibrium (2).

M = -6523 kcal/mol from study of reactions of Al {c,$¢) with the vapor of A]Cl3 in an argon

strongly dependent on the other squilibria, particularly that involving Al?Clu(g).

Farber and Harpis (3, 4) reporzed Kp (5 points, 1150-1430 K) for the reaction ALCl{g} * AlCls(g) = 2 Alclz(g).

(3Sr®(znd law}-aS8r°(3rd

We suspect, however, that this equilibrium is

HE® is consistent with experimental results of -66:3 {(2) and >-71s8 keal/mol (3, K), but there

Despite minor changes

We cbtain

law}] = 35210 gibbs/mol, 4Hrjgg * ~36%13(2nd law) or 10.5:9(3rd law) and aHfjhg > -70.7¢5 keal/mol.

We consider uHf® to be a negative limit due to possible bias arising from the ionizing energy. Energy of the ionizing

electrons was variously reperted as 20 eV (4) or as 3 eV above the appearance potentials (3).
AlCl,‘+ to be enhanced due te fragmentation of AlCla. The alternative ionizing energy leads to another problem, since the

+ . . +
authors (3, %) used literature values for appeavance potentials (AF) of a1c1” and ALCl; but their cwn value for alCi, .

Their value has a bias of 3 eV which is discussed in detail on the table For AlCLz’(g) {1}. We suspect that the mass

spectrometer had a biased energy scale during the measurments (3, %).
used for AlCL” and Alcl;, since the AP's were not based on the experimental energy scale. Again we expect Alclz. to be
enhanced relative to AlCl@ and AlCl:;. The large discrepancy in aSr” is symptomatic of a temperature-dependent error; we
expect that bias in Kp is greatest at low T.

Average bond enecrgies (BE) suggest that Mxn (M=AL, B and X=F,
N03_ KO, and NO. Although [BE(HX]-BE(HXS)]

0y

€1) does not show the progression to multiple bonding of

= a20 keal/mol, only the mass-spectrometric data of Farber et el. (1-5) yield

BE(HX2)>EE(HX3). Other data (1,z,7)} and theoretical calculations (8) suggest that BE(HX,()f_BL‘(MXa).

Source

} JANAF

3 JANAF

} JAKAT

)} Farber et al.

(5,6} Srivastava et al.
(7; Dibeler et al.

QOthers

Method

Review

Review

Review

Mass spec.

Mase spec.
Photoionization

Various

Heat Capacity and Entropy

The electronic ground state and excited lavels are assumed to be the same as in Al'x‘z (1.

calculated from the estimated force constants fr = 2.2 and fu/r‘ = 0.13 mdyn/A. Freguencies and force constants are estimated

Species

[ERENARNOIT

Average Bond Energy (AHa:/n)/(kcal/moﬁ

ALC

118.%
10G.8
101

10z.8

100.2(2)

BCL ALF BE, wo,
127.1 159.3 179.4 180.0
104.5 140.7 152.5 90.3
. 180 —— 111.0
- 148.5, 151  -=- —
104.0 17.0 155.0 -
102.6 - 145.6 -

103.5(1) 132.4(1)

If 20 eV was used, we expact

This wonld induca negative bias in the ionizing energy

Vibrational frequencies are

from simultaneous consideration of AlCLZ*, AlClZ, AlCl,(" and the analogous boron species. We assume that frequency changes

+ -
are qualitatively similar to those of N02 , NO,, and NO2 .

Vgy

an increase in v, and a small increase in vy.
bonding orbital which increases the bond length but decreases the bond angle and suretching force constant.

We assume a

Thus, in going from ALCL," to AICl,, we expect a large decrease in
By analogy with BFZ {8}, the odd elzctron of AlLCl, should cecupy an apti-

M . ; :
bond length 0.05 A longer than in AlClZ* (1) and a bond angle equal to that in 5{‘2 (8}, The principal moments of inertia are

35773 x 107%°,

References

1. JANAF Thermochemical Tables:
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Aruwminum Dicuirorine Uwnipos. low (ALCL2+) ALCL2+
(IpEAL Gas) GFW=97.8870
gibbs/ Kkeal/mol
T, K cp° §°  ~(G°-Hme)[T H-H'ms AHP AGP Log Kp
[ -3.222 113,585

100

200

298 13,160 64,089 54,089 0.000 115.000 F12a311 -82.326
300 13.175 64,270 64.939 0.024 115.007 112.294 ~8L.806
4«00 13.778 682051 Bhab61% 12375 115,626 111.327 ~60.826
300 16,127 Tl. 166 £5,623 2.772 115.83¢ 110.255 -48.192
500 14,340 T3.762 £6a769 4.1%6 1164229 109.101 ~39.740
700 14.478 15,984 672931 2627 116,603 107.883 ~33,683
2800 14,572 TT.924 69,0861 7.090 116.950 106.613 ~29.125
300 14639 T9ab64% T0ulbd B8.551 117.256 1054303 -25,571
1000 14.687 81.189 T 172 L0.017 1Y4,992 104.342 ~22.760
1lo00 14,723 B2e501 T2.167 11.488 115,304 103.042 ~20 473
1200 14.752 B3.873 73.072 12.9€1 115.61% 101 .912 ~18.961
1300 14,776 85,055 13,949 14.%38 115.928 100. 758 ~16.939
1400 14, 791 B6e 150 The 782 15.916 116,260 99.581 ~15.545
1500 14.805 BT.171Y 752574 17.3%6 116.552 98379 =14.33%
1600 142817 BB, 127 TEa329 18.877 116.862 874157 -13.271
1700 14.827 89,026 77.050 20.259 117.173 95.917 =12.33%
1800 14,835 B3,873 77.73¢ 21.842 117484 G4.650 “~11le493
1300 14,842 90.676, 78,399 23.326 117.794 93.383 -10.742
2300 14.848 91.%37 79.032 2%.811 118.102 924089

2100 14,853 52.162 TG €640 26,256 118,409 80.7T9

2200 16.858 G2.853 BG.2:c% 27.781 11B.714% 894456

2300 16, 8¢ 92,53 80. 788 29.267 119,020 88.123

2400 1448865 Gh. 168 81.332 30.754 119.3224 86,773

2500 14,868 94,752 8l.u57 32,240 119.624 854408

2600 14,871 95.32¢ 82.23664 33.727 119.923 B4.034

2790 14,873 95,897 82.855 35.214 120.220 B82n646

2800 14,875 96,438 83,330 36,702 51.10% 82.082

2300 14,877 96.960 83.79L 38.189 51655 83.178

3000 14,879 97,465 4. 239 39.677 525211 Blo 256

3100 14,880 97.253 Bl 673 41.1E5 52.759 B5.313

3204 14,882 98525 85, 096 “2.653 53,305 864355

3300 14,883 ¥8.883 85,507 Lh 42 53.869 87.380

3400 la.B884 99,327 95,5407 “5.£30 56,389 AB. 387

3500 14, 885 99. 759 B6.296 47,118 54.926 B85.377 ~5.581
3600 14,886 100.178 BT 4Be07 55.460 90.358 ~5:.485
3700 14, 887 100,586 BG4 7 50.096 95,992 91.318 -5.394
3800 14,888 100,962 87,4086 SheS5E& 56.520 92264 ~5.306
39040 14,889 101370 B7.761 53.073 57.067 93.202 =5.223
ChIvdg 14.890 101,747 88.106 54,562 57.568 94.11% =S.142
%100 T4, 690 1024114 88, 453 564051 58.089 95.024 ~54065
«200 14,893 102.473 88,773 57.540 58.607 95.920 ~4,391
“300 14,892 102.R24 8%.09¢ 59.029 59.122 96,6802 —4,920
“4500 162892 103,164 89.412 20.519 59.636 9T.678 —-4.852
&£500 14,893 192,501 89.72) ©Z.008 60.1464 984532 ~4.785%
“u00 lé, 892 103.828 $0. 024 £3.467 50.£53 994381 —4.222
2700 14,866 106,148 0. 3ei £4.986 61.157 100.215 =660
«~B800 14,896 104,462 $0.613 b8.2T6 612060 101.839 —%s 600
4300 14,894 104,769 QQeuds 27.9€5 62.160 10r.862 4563
S300 14.RGE 105,070 91.17% Ve bES 62.657 102.662 ~4o 487
5100 14,895 105,365 Gl.ebs TO.964 63,152 163.481 “hobdb
5200 14.895 105,654 91,724 T2.434 53,644 10640245 ~%.381
5300 14,8596 105,938 91,990 13.923 B%.131 105.819 ~%4331
5400 14,896 10¢.2v8 92e251 75,43 66,617 105.7498 ~4e281
5500 140 896 106,450 92507 762902 &5 2096 186,544 —he 234
5500 14,897 Y0878 92.759 78.352 65,574 107.29% —~4e187
ST0U 14, B97 307,022 92,007 149,882 664048 1084030 ~Gyl62
580¢ 14,897 107.281 93,251 81.372 66,517 108.768 ~4e099
5900 16,857 107,525 93,491 82.861 56,980 189.491 =4.,086
6008 14, 897 107.764 93.727 B4a.351 67,438 110.208 ~4.01e

Sune 30, 1968; Jume 30, 1972; June 38, 1976

ALUMINUM DYCHLOREDE UNIPOSITIVE IOH (AlCl“) {IDEAL GAS)

Point Group {D, AHf5 = 113.6 ¢ 18 keal/mol

oty

. = . " ' e N ont Il
Siag.ps = L64.09 = 1] gibbs/mol 2HfDgg 15 T 115 ¢ 18 keal/mol
Ground State Quantum Weight = {1)

Vibrational Freguencies and Degeneracies
@, cm
[23301Q13
[1203(2)
{6503(1)

Bond Disgtance: Al-Cl = [2.05] A

Bond Angle: Cl1-Al-Cl = [180°] o =2

Rotational Constant: B_ = [0.056573) cu™h

Heat of Formation
We adopt qu;% = 115218 kcal/mol and an ionization potential IP(A‘LC:L,‘) = 7.820.9 eV. Electron-impact studies gave

12.420.5 eV{l) and 13.420.7 eV (Z} for the appearance potential (AP) of AlCl,z‘ from AlCls' The analogous process fa:-)'onset of
BCJ.,“ from BCl, has been studied by both photoicnization (3} and electron impact (23. Comparison indiiates that BCL, from
electron impact (Z} carried an excess energy (I*) of ~0.3 eV. We estimate the excess energy for ALCL,  as 1.720.6 eV. Thus,
we take AP-EI* = oHrd=17.2:0.8 eV (281.3:18 kcalimol) for the reaction ALCl,(g) * e™(g) = A1C12+(g) + Cl{g) + ze7(g). With
JANAF auxiliary data (4} this yields AHf&(AlClZ ) 2 113.5218, C\Hf;g& = 11518 and IP(AlCl:{) = 1.80:29 kcal/mol (7.8:0.3 eV}.
Electron impact studies (5-1) of AlCl, and BCL, gave approximate appearance potentials AP(MC1, ") = 1zl eV. This is

A% eV greater than our adiabatic IP values. Such a difference could arise from several factors including bias in the
ionizing-energy scale, bias in threshold detection, excess ensrgy in MCIZ‘ and misassignment of the ionization process. The
studies (5~7) make no menticn of a calibrant gas for the energy scale. Reactive radicals (e.g. AlCL, from a mducin% environ-
ment) may induce a bias in the energy scale. Consistent with this hypothesis, the values reported (6, I} for AP(BCI /BCi} and
AP (B
vanishing current (or initial break} method. We expect this to have a positive bias which increases as the pressure of MC:L2

. + :

2‘/8(,‘13) are ~¢ and 3-4 eV higher than other electron-impact data (2, 8). AP(HMC1, /NMCl,) was obtained {5-13 by a

decresses (9). Electron impact on HCJ.2 should yield a vertical AP corresponding to a nonlinear (excited) c:cnfigur\atfon of
. P + + : 5

Mc1,1“. Excitation energies of >1 eV are expected if MCLI* is simiiar to BF,” and A1F,” (4). Alternatively, AP(MC1,}

= 1ze1 eV (5-7) is a magnitude which may not exclude processes such as fragmentation or jon-molecular reactions ‘of MCl,.

GFW = 87.8870

ALCL2+

AP(MCLQ‘) almost overlaps with the onset of HCL,; from MCly; i.e., 12.30 eV (3, photoionization) or 13.0-13.1 eV (Z, 8 electron

:
impact) frem ECJ.3 and 13.420.5 eV (1, z, electren impact) from AlCly 0n the other hand, the coincidence of AF(BC1 3 o=

) T . B L+ Lt o .
AP(BCLZ‘) = 12+l eV (6, 7) suggests that the two ions might ba related, possibly via BCL ¢+ BCI3 = BCL, * BCL, . The authors

{5, §) did net measure AP(A‘;CI‘), but the analogous ion-molecular reaction is also energetically feasible. In summary, there

+ . :
are three plausible factors which may centribute to positive bias in the observed AP(ALCL, '} and some conceivable slternative

interpretations of the data (& P
Hastie and Margrave (10) used an extended Hiickel method to calculate IP(AlC]Z) = 6.85 ¢V, This result should approximate

:
. This precludes use of AP(ALCL,”) in caloulating aHE® of ALCL, .
the vertical [P which we expect at ~9 eV.

iHeat Capacity and Entropy
N . + . ;
we assume the electronic ground state to be linear 'I¥ and nmeglect excited states by analogy with MgCl, (
estimate the bond distance tTo be almost the same as in AlLCly and,

3, 113 and other

triatomic species having sixteen valence electrons (l%Z}. We .,
A =18 A7

0.08 A shorter than in AlCl,‘ (43. Likewise, we transfer the stretching force constant from ALC’L3 and the ratio fr/frz = L :
from H,zCl2 (11). Thus, we calculate vibrational fregquencies from the estimaved force constants fr = 2.9, f..=0.2 and f /v

0.036 mdyn/A. The resulting values have been rounded upward. The moment of inertia is ¥9.477 x 17 g cm -
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8461 ‘C 'ON.

Arusinus DicHioripe Uwines, low C(ALCi,™) Arliy
(Ipear Gas) GFW=97,8881
T,°K cp° §F G -Hum)T H-Hume aur aGr Log Kp
¢ -3.108  -113.331
100
200
<98 12.584 £8.275 ©8.275 0. 000 ~115.000 =115.963 85.003
300 12.%97 582353 6B.27e 0.023 ~115.012 ~115.98&9 94483
%00 13.106 T2.055 68,777 1311 ~115.650 ~116.192 53.486
590 13.37¢ TS.012 659.738 2.637 -116,20% -1i6.2%2 5CG.813
6030 13.529 T7.465 T0.827 3.982 ~116.985 =116.178 42,318
700 13.626 T9.558 71929 Se341 ~117.685 ~115.968 36.213
300 13, 69! 81.382 72999 6. T0T ~118.419 —~115.6%6 31.607
900 13,726 B2.99T Te.022 B.078 -119.197 =115.3809 28.003
1030 33,768 B 208 74,993 9653 -122.546 ~114.651 25,057
1109 13.792 B%.760 T5.913 0.821 ~123.321 =113.825 22,615
1200 13,881 862967 TéT8% 12.2%2 =126,095 ~112.927 20567
1300 13.826 88,067 77.6)0 13.593 ~1264,871 ~11}.965 18,823
1400 13.837 BG.092 F8.394 14.977 -125,647 ~110.543 173219
1500 13,848 30,047 796140 lé.361 “126.625 —10%9. 866 16,008
1600 13.854  90.947 75,849 17,766 -127.203  -108.736 14,853
1700 12,860 91,781 80527 19,132 ~127.982 ~107.557 13.827
1800 132,866 92.573 Bl.17% 20.518 ~128.762 ~10&,333 12.917
1900 3.870 $3.323 81,734 21.905 =129.563 ~105, 065 12.085
2300 13.874 94,035 82,389 23.292 ~136.327 ~102.756 11.338
2100 13,878 96,712  B2.95% 240680 -131.109  ~182.411 10,658
2200 13,881 95,357 83,508 18067 ~13%.8%¢ ~101.026 16.836
2300 13.884 55,974 82,037 27.458 ~3132.681 ~99.602 Gabbt
2400 13.886 F&a585 BhaoaT 28,844 =133.470 ~98,148 8,938
2560 13.889 97122 85,039 30.223 ~-134,261 ~9b. 662 B.%50
2600 13,892 FT.6TT B5a515 3l.622 ~135,082 ~9%al 4l Ta997
2700 13,895 + 38,201 85,375 33.01%1 ~135.847 -93.592 T576
25D0 13,898 96,707  96.42L 34,401  ~206.054 -91.181 7.117
2900 134902 99,194 86,853 35,762 -206.591 ~87.072 6.582
3g00 13.906 89,666 BTaci2 37.181 ~207.131 ~92.94L G.042
3100 13.911 100,122 B7.679 38,572 =207.672 ~78.751 5.55%
32400 13.917 180.5¢4 88,075 39.9¢4 -208.218 ~T4.625 5097
3300 13,972 100.992 88,460 “} 2356 -208,763 ~T0abhl %685
3600 132,932 101.408 B8.635 42748 ~209.313 -65.242 4.258
3500 13,941 03,812 B9.208 46,142 =209.86% ~62.02% 3,873
3500 13.%52 102.20% 8%.555 45,527 ~210.415 =570 792 3.508
3700 13.962 292,587 89,903 462933 -210.971 ~53,547 3.163
3800 13,978 102,960 90e241 48,330 -211.529 -49.287 2.835%
3900 13.393 103,323  90.572 «9,728  -212.085 ~45.,006 2.522
000 14010 103,6TT 90.895 51.328 ~212.646 ~40.T1T 2,225
4100 14,029 104,024 83,211 52.530  ~213.206 -36.615 1941
4200 14,049 104,362 9Fe523 53,934 =213, 767 -32.096 1.670
4300 14.071 104,693 91,823 55,340 -21%.329 ~2T.Tok Lo4ll
%300 14.095% 105,016 82119 56.768 —-214.891 =23.613 1,163
4500 140121 1054334 92. 409 584159 ~215.453 ~19.056 ©.926
4690 14.199 105,648 92,696 59.573 ~216,013 0.698
4700 140178 105, 9«9 92972 50.989 ~21645786 0.479
4400 F4.20% 106,248 93,248 &2.408 =2317.339 8269
“900 14242 1080541 93.5.4 63,821 ~217.698 2:.067
5000 14,278 10¢6.829 93.770 65.257 “218.257 ~0.127
5100 14,332 107,112 940036 664686 ~216.816 ~0.315
5200 14,350 107,390 Q4290 56,119 ~219.375 “~0.495
5300 14,289 076464 Q4,560 69,556 =216,524 =0.569
5400 14,623 107933 EETRLT) 702997 ~220.491 20. 696 ~0s 838
5500  14.47)  108.138 95,027 T2.442  -221.04B 25.156 ~1.000
5600 T44513 10Bs 480 §5a265 73,891 -221.605 29. 648 =-L.157
5TJ0 14,557 108,717 95,498 15,345 ~222.161 I4.135 ~1.309
5800 14607 108.970 95,729 T6.803 ~222.718 38,442
5900 g 667 109.220 95,4955 T8.285 -223.2756 43,151
SO0C 14,493 109,447 98,178 79.732 =223.833 47,473

June 30, 1968; June 30, 1972; June 30, 1876

ALUMINUM DICHLORIDE UNINEGATIVE ION (Axc12') {Ideal Gas) GFW = 97.8881
Point Group [, ) aHES = (-113.3 2 251 keal/mol ALCLg”
Sigg,15 © L68.28 = 1] gibbs/mal OHfSqy g = [-115 = 251 keal/mol

Electronic Levels and Quantum Weights
-1

State £., cm £
"I””‘ b 3
Ay {0] 1
38, 1230001 3
s, 130000] 1

Vibrationsl Frequencies and Degeneracies

Eu303141Y
(1603(1)
(u601(1}

>
Bond Distance: Al-Cl = [2.18] A

Bond Angle: C1-A)-Cl = {105"] g o= 2
Product of the Moments of Inertia: I,I.T. = L7.5817 x 10772y g° cn®
We adopt Aﬂf;ﬁa = «1152%5 kcal/mol based on an estimated electron affinity of EA(AlClZ} = 46223 kcal/mol (2.021 eV} and a

chloride-ion affinity of IA(AICL) = u6s25 kcal/mel. JANAF auxiliary data (1) are used in converting from one quantity to
another. If AlX, radicals were analogous to X atoms (z, 3), then EA(ALC1,) should be zpproximately equal te EA(ALF,) =
%.2¢0.4 eV (1). This analogy may not be justified, since the pertinent orbitals are quite different. An electron added to
Al.)(2 presumably occupies a molecular orbital centered mainly on the metal opposite the two halogens. We assume that the
orbital energy is characteristic of the metal Al and is perturbed relatively little by substitution of Ci for F. This implies
that EACALCL,) % EA(ALF,). .

The energy for the self-icnization process, % AlF, = ME‘2 + :\1}‘7-, is AHP('} = [IP(A1F23~EA(A1FZ)] = 5.821 eV {1J}.
Assuming AlCL, is similar, we estimate PA(AICl,) = 1.9 eV. The energy difference between the reactions AlFZ' = ALF ¢+ F and
ALF, = ALT * ¥ is L\Hp5 = EIA(A]F)—D;)(AU’Z)] = -5 keal/mol (1). Assuming ALC),” is analogous, we estimate FA(ALCL,Z = 2.3 eV.
We adopt the intermediate value TA(AICl,} = 2.0xl eV but emphasize that all estimates depend on A).FZ' (3.

Heat Capacity and Entropy

Electronic levels and quantum weights are assumed equal to these of isoelectronic Siclz‘(_]_.). Vibrational frequencies are
calculated from the estimated force constants fr = 1.73, frr = 0.07 and fa/x‘2 = £.1%6 mdyn/A. Ffrequencies and force constants
are estimated from simultaneous consideration of AlCl2 N !\1(:121 Alc}z_ and the analogous bo:‘on specias; We assume that
frequency changes are gqualitatively similar in the two series ALCLZ N A].Clz, AlC][ and NC62 N NOZ’ NO, (1) which have the same

number of valence electrons. Furthermore, we expect iscelectronic $iCl, (1} to provide upper-limit freguencies for AlClz‘.
Thus, in going from AlCL, to AlC1,", we assume Little change in v, and v, but a significant decrease in g,

8y analogy with Bf’z (4, 5}, we expect that the odd electron in AlClz ocoupies a molecular orbital centered mainly on the
metal opposite the two chlorines. This orbital should be antibonding (k) in the sense that additicn of an electron %ncreases
the bond length but decreases the bond angle and stretching force constant. We assume that the bond length is 0.05 A
longer and the bond angle is 15° smaller than in AlCL, {1). The principal moments of inertia are 5,.5337 x 10"39, 345,755 x

1073% ang 35.818 x 167°% g ent.
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ALUMINUM DICHLORIDE FLUORIDE €A1CL F) {IDEAL GAS) GF¥ = 116.8853

BL6L 'E "ON ‘£ 1OA ‘DI 'joy "weyd ‘shyd °f

Point Group C AHE] = ~188.4 .
ALuMminum DicwioriDe FLUORIDE ALCLgF . Py . fiEg = ~188.4 2 1.5 keal/mol ALCL,F
S39g.15 = L[74.40 = 13 gibbs/mol AHf;gs 15 T -189.0 ¢ 1.5 kecal/mol
(Ilpear Gas) GFW=116.,8859 Ground State Quantum Weight = {11
Vibrational Freguen s and Degeneracies
kesl/mot w0, _cm ®, ¢m
T, K Cp° 5 (G- Hma}/T Ho~H%e AHFP AGP Log Kp (8401 (1) L6403 (1)
] 0,000 §.000 INFINITE ~3.763 ~188.420 ~1682420  INFINITE [45303 (1 £1803 (L)
100 11.645 59,182 87.678 -2.850  -188.656 ~187:5860 410e 506 1807
200 142604 68,196 75,851 =1.531  ~188.8%6 ~186.995 204,338 t Tas £2z03 (1)
298 1606ks T4 o400 The 400 0.050  -189.000 ~188.054 1364381 . R
Bond Di : -F = [1.8 ~C1 o=tz =
300 16671 74502 16,400 0030  ~189.003 ~186.038 135.527 nd Distances: AL-F = L1 31 A Ai-cl = L2 OEE 4 °=2
«00 17.592 79,407 TS.ubl 1.738 ~189,309 -185.029 101,095 Bond Angles: Cl-Al-F = [120°]) C1-A1-C1 = {120°]
500 18,271 83,412 76.343 3.53¢  ~189.200  ~183.999 80.426 Product of the Moments of Inertia: I,T;T. = [3.8405 x 207113 goen®
S00 18,698 86.78% 77,818 50384  ~189.294 ~182.958 662640
700 184979 89 689 79306 7.269  -189,394 ~181.884 56.787 Heat of Formation
800 19,173 92,238 80,765 9,171 -=189.526 ~180.804 49,393 . .
500 194311 94,503 82,168 11,182  ~189.8%% ~175.703 43,638 We adopt SHf,g. = -189.021.5 keal/mol and sHay = 34l.u23 keal/mol based on Mir;Ba = 0.5:1 keal/mol for 2/3 ALCL (g} *
1000 19,412 96.543  83.505 134038 ~192.426  -178.401 38.989 1/3 ALF4(g) = ALC1,F(g). Krause and Douglas (1) obtained this result by an entraiament method which measured.enhanced
Li00 19489 98,397 86,770 144963 -192.581 ~178391 35,165 volatility of A1F3 in the presence of AlClz. Corprections were made for all the possible dimers which can form in this system.
1200 19,548  100.895 85. 982 16,535  =192.737 ~175.567 31.97% i : S de- 5 ;
1300 19,554 10862 87129 18.852 192,891 740130 beu276 The entrainment data.e?tablxsh that aluminum flucride-chloride exchange reactions are almost thermoneutral,
1400 19.631 103,115 884220 200854  -193.046 =172+ 680 264957 Our adopted AHE® is compared below with an approximete mass-spectrometric Kp for reaction of ALF, with AlCL, (2). The
1500 19.662  104.471  89.238 220819 -193.202 -171.22 244967 discrepancy in AHE®(ALCL,F) is -22 keal/mol if we use AHE® = -180 (ALF,) and ~71 (AlCl,) derived from the mass-spectrometric
2 2 2
1600 19:687 105, T4} 269 i4eT8E  ~193.359 -16%.750 23.187 data {2, 3). The discrepancy almost disappears if we use sHf® = -~186 (ALF,} and -67 (ALCL, derived from average bond energies
I G4 S O 1 FEIRE I SO S 4 41 aLesit in AIF, and AlCl, (4). This favors the latter values of GHf® for ALF, and AlCl,(s}, although the discrepancy might arice from
1300 19, 7649 10%. 129 92,970 30,707 -193 834 “165.279 19011 the observad ion intensity of AlClZF’. The signal from AlCl;F* was very weak at 40 eV (57; this high lonizing energy might
2600 18.752 T1e.141 93806 324675 ~193.997 -163.773 17.89¢ bias Kp and cause considerable fragmentation. We can eliminate Ali‘2 and AlClz by taking the difference between the mass-
2100 19,763 111.10% 94,605 34,851  ~19%.161 ~162.260 16.887 spectrometric reactions for ALCIF, (&) and ALCL,F. This yiexds [AHE®(ALCIF,)-aHE'{ALCL,T}) = -7 kcal/mol which agrees with
s P - -
200 IR LnNrE o o joveze Thgesiil leoenit 1530 -49.8 keal/mol from entrainment data (1). Thus, we tentatively ascribe the discrepancy to ALF,(4) and AXC1,.
2400 19,788 113.746 96.830 “0e586 =196, 664 ~157.665 140357
B P, -
2500 19,795 114,55% 97.529 424562 194,839 156,123 13.648 Source Method Reaction Range ahirg aHrdgg SHES gy
£o00 19.801 115,331 984399 ws,.543  =195.013 ~154,56¢ 12.993 A S kgal/mgl- = = = = -
2 . . @52 - 194 - - » = 5 -
5.1;33 }.9:3?8 ]1:2.91;: :g.i;?s ::.Zni —223.5‘;5 A:gg,gﬁ lli-?’:z {1) Krause Entrainment 2/3 ALC1(8) * 1/3 ALF (g) = ALCL,F(g) 1188~1257  0.521 0.5%1 -189.0
2900 19,835 117,49  100.055 50,685 =264.710 ~145,540 11,046 ¢2) Farber Mass Spec. ALF,(g) *+ AlCl,(g) = A1F{g) * ALCL,Flg) 3491 - -23.4 -19uf
3600 19,818 118,165  100.eT6 524467  —266.638 ~1420467 10.379 or -211
3100 19.822  1'8.815  101.25i 54,489  ~266.569 ~138,395 94757 a : .« L -
3200 19.825 119,445 107,810 56,431  -266,504  -134.325 9,176 , Assuming olifygy = ~166 (ALF,) and ~87 (ALC1,) kxeal/mol.
3300 19.827 120.05% 102,353 58,418 ~25% 643 =330.,257 B.62F Assuming Ah'i;ge = ~180 (Ali‘z) and -71 (AICIZ) kecal/mol.
3400 19,833 1200647 102,883 006297 =264.386 ~126.193 8.112
3500 19.8%2 12l.222 103,399 624380 -26%.333 ~122.131 Fat26
Heat Capacity and Entropy
- 83 1.7 103, oo 363 - ° - » - N N N
2338 %:_:,2 ;52.322 )gz‘;gg :;.;ST _g::_:;’; _1’}2_3:; Z_;gz We adopt a €, structure with bond angles and bond distances assumed equal to those in AIF, and AZLCI3 {4). ¥e assume a
3880 13.838 122,853 ma.u; 48. 331 ~2656.19% ~105.947 4$.323 singlet electronic ground state and neglect excited states. Vibrstional frequencies are estimated by comparison of Alga and
3900 190 84 123,368 105,33 T0a218  —264.157 ~105.885 549 . . . s : : ~38
4600 n.el.g 123.870  105.79% F2.26% ~2b4.124 —1“0)1:829 5'.5?.: AlCl, with the series BFg, BC1F,, BCl,F and BCly (§, 17. The principal moments of inertia are 18.358x10777, 37.871x107" and
55,830x107°% g cm?.
4100 19.843 124,360 1064243 T4e283  =264.093 -97s 778 Se.212 ’
#2800 19,866  124.835 106,080 16,267  -265.065 -93.718 %877
4300 19.846 125,335  107.107 76,252  -264.043 ~B9.563 4u557 References
4400 19,847 125,762  10T.326 BU.236  -~266.023 85,602 %0252 PE—— .
2500 19.848 126,208 107,936 82,221 ~264.008 -81.552 3,961 1. R. F. Krause and T. B. Douglas, J. Phys. Chem., 72, 3uusl {19887.
. 2. M. Farber and 5. P. Harris, High Temp. Sci. 3, 231 (1971).
5630 19.86% 126,644  108.354 84,206  ~263,994 ~TT.456 3.682 ) : .
»7040 19.850 127,071 108.732 560361 ~263.986 R Tres 3,615 3. 0. M. Uy, R. D. Srivastava and M. Farber, High Temp. Sci. &4, 227 (2972).
4800 15851  127.483 109,119 B8.17¢ 263,980 ~69.392 3.15¢9 4. JANAF Thermochemical Tables: ALF,(g), AlCl,(g), AIC1,F(g) B-30-76; ALFP,(g), ALC1l,(gs 6-30-70.
2900 19,852 127.638  109.499 90,161 -263.978 -65.330 2.514 . 2 N : 2
5000 19,852 1284299 105,870 324146 263,980 -61,281 2,679 5. M. Farber, Space Sciences, Inc., Monrovia, Calif., perscnal commun., Aug. 30, 1376.
6. D, F. Wolfe and 6. L. Humphrey, J. Mol. Struct. 3, 293 (1963},
5100 19,853 128.6%2  110.235 942131 ~263.985 ~57.224 2,452 . s . .
5240 19,856 129,078  110.534 96,117 =263.99% -53.17¢ 20235 7. L. P. lindeman and M. K. Wilson, J. Chem. Phys. 24, 242 (19565.
5300 19,854 129,456 110,946 93,102 =264.009 ~49.118 2.025
5400 19.855 126,827 111,292 100.088 ~264.027 45,063 1.826
5500 19,856 138,391  111.633 102.073 -264.050 ~41.00% 1.630
5600 19,856 120,549  1ll.vs7 104,059  ~266,078 ~36,952 1.442
3790 19.857 130,901 112.296 1060066  =284o1LY ~32.900 1. 261
3800 19,857 131,246  112.020 100,020 ~266.149 ~28.838 1.087
5300 15,858 131,586 112.939 110,036 ~266.194 ~26.786 0,918
o030 19,858 121,919 113.252 112,002 =26%.,245 -20.724 Go 55
Dec. 31, 1360; Sepr. 30, 1964; Junme 30, 1976
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Aruminum Nowoerruorine (ALF) ALF
(Ipear GAS) GFW=45,9799
; keal/mol
@i
T, °K cp § {G-HweT  HHome AHP AGP Log Kp
o <G00 <000  EINFINITE - Z.425 - t3.47o 534476 INFINITE
100 6960 43.580 57.879 ~  1:%30 - 63.234 650393 L4aZs%1l0
290 74178 480567 524080 - .727 - 8#3,3z3 6la3%% T3.0608
298 T.632 51,397 51.397 » 00 ~- 63,500 69.583 31.006
300 7640 S5labebt 5La387 «01l% - 63.504 590642 50.719
4«00 H.031 53.6%8 51,702 L7990 = 63.703 Tra630 39.137
500 B8.302 55.522 52.289 1.0l6 - 63,920 73.588 32.185
600 B.485 57.052 52.95% 2,650 = 64,155 75.500 27.501
700 B8.013 58,371 53.6%0 3311 - G4.4ll 17.370 24156
800 d. TS 59527 54,305 4.178 -2 P10 7%9.203 2h.037
00 B.T74 50.558 54,943 5.052 - 65,020 8997 9,069
1000 5,828 6l.4Bé 55,552 5.932 - o7.81s 42,570 18,068
1100 8.871 626327 56,130 6817 - 68.236 34,020 10693
1200 B.906 63,101 56,679 T.700 —  68.554. 85,541 15.561
1300 B.%36 63.815 57,201 Ba598 - 68,871 362835 14598
1400 B.%62 b4e5TE 57.697 G.a33 ~ 69,189 8B.205 13,789
1500 B.985 65.097 584170 10.3%0 ~ 69,5006 89.552 13.048
1600 9,035 65.674 58,621 11,290 - 6%9.Bz3 90879 126413
1700 8.02% b6.224 59,053 12,191 ~ 70.140 $2.105 1les51
1800 Fadsl 6. Tl 59a.406 13.095 -  10.455 F3.472 11.349
1900 3.057 67,230 55.862 14,000 - T0.TTL Bh o742 lueass
2000 9.072 67,695 6Ua2e2 14.306 =  71.087 95.9%6 10.4%0
2100 9.088 68.138 604607 15.814 ~-  T1l.404 97 .232 10.119
2200 9.099 68.561 50,959 L6.723 - Ii.720 G4 .458 ¥.781
2300 92113 68,965 61,299 174634 - T2.035 9003 Ve T
2490 9.125 69.35% 61626 18,568 - T2.351 100.4858 Pehdh
2500 9,137 £9.726 61,943 19.459 - T2.667 102.062 8929
2600 9.190 70.005 b2a2469 20.373 = 723983 103,209 Ba6TH
2700 Fal61 TQ.%30 62.5%6 21.289 - 73.299 104,367 Babsd
2800 $.173 T0.764 62.833 22.20% — 143,025 10%. 681 8.171
2300 $.185 71.084 63,112 23.323 = le3.079 i03.311 7.788
3000 9,199 TL.398 63,383 242063 - 143,133 101939 Teh20
3100 9.210 TLa699 63,647 28.963 - 143.187 120,585 7.090
3200 9,223 71.992 63.903 25.83% ~ l&3 241 99,188 6,774
3300 9.236 72.276 TP -¥3 26.808 - 143.294 97.810 T
3400 $.250 T72.552 b4e 395 2v.732 —- 143,349 Fbea33 6.139
3500 F.255 72.820 66,632 28.658 - l43.402 35,052 5.935
3600 9.281 73.082 B4 883 29.585 - 163,455 G3.667 11
3700 2,258 73.330 65,089 30,514 - 143,508 92285 5.451
3300 9310 73.584 652309 3l.%45 - 143.561 90.900 228
3900 9335 Ti. 828 65,525 32,377 ~ l43.613 8Y.512 5016
%000 9355 T4.063 65,735 33.312 - l&3.686 884120 44615
4100 9,379 Taa29% 65961 34,248 - 143,718 86,739 Ly -rid
@200 9,403 Tae521 66,163 35.187 - 143.758 85.346 Gohbl
5300 G529 Té4uTh2 s6a340 36,129 ~ 143,816 33.9%5 40267
%400 G457 T4.95% 660533 37.073 - 143,808 824560 4.101
4530 DeaBO T5.172 45.723 38.020 ~ 143.918 3lel68 3.942
4600 9,518 FHe381 664909 38.971 - 143,965 19,772
“«700 ¥.552 75.5866 67.091 39,924 = 144.013 T3.380
4800 9,589 T5.788 672273 40,8381 ~ 14%.060 76,982
4300 9,627 75,9886 6TeS4a 41,842 -~ 144,105 75.579 20371
5000 o8 76.181 67.0619 %2.837 - l4%.150 74183 302643
51030 Fe71ll T6a372 67.789 43,718 = léd,1l% 72.783 34119
5220 9.756 Te.501 67.95%0 b, T49 - 1b4,Z38 TL.383 3.000
5300 94803 T6. 748 S84 12u 45,727 ~ 144,281 69,981 2.880
5400 2,853 76.931 btia2dl 46.710 - l4%.323 ©8.579 2.1%0
5500 8.905 Fr.113 68440 7,097 - 144,365 87el7?9 2.669
5200 G.959 T7.292 68.597 48,691 ~ 146,406 63771 2567
5700 10.0le TT.468 684751 “©9,689 - 144 %46 04.369 24468
5500 10.074 TTab43 £8.903 50. 094 — 144,437 62902 24372
5300 10,136 TT.a16 69.052 L7080 - 144,527 61e550 24280
6003 10,197 TT.987 66,200 524721 - le4.507 s a1 50 éel9l

Dec. 31, 1960; Sepe. 30, 1964; June 30, 1969;

Dec. 31, 1975

o«
il
ALUMINUM MONOYLUORIDE (ALF) (IDEAL GAS) GFW = U5,§795 [+ -]
Symmetry Number = 1 AHfa =z -63.48 ¢ 0.8 kcal/mol ALF
8588.15 = 51.387 ¢ 0.01 gibbs/mol EHf;BSJ.S = -63.5 = 0.8 kcal/mol
Electronic Levels and Molecular Constants
State tia et £; - Eeq.fﬁ B, en”t 2. emt o, cnt wx , ent
XLZ‘ 0.0 1 1.65uu 0.5525 0.0043% 802.26 L.77
a’n 27254, 5 1.6u76 0.5570 0.00453 827.8 3.93
Alﬂ 43gug.7 2 1.8u85 0.558u0 0.00534 BG3.3u 5.99
'DSZ‘ 4ugoL, 5 3 1.6391 0.5628¢C ©.00851 786.37 7.64
Bl!:’ 54282.5 1 1.8151 0.57368 0.00580 866,80 7.45
::32' §5023.4 3 1.6028 0.58861 0.C0u57 933.66 L.Bl
C“E& 67755.9 1 1.6010 0.58992 ¢.00u58 938.22 5.0%
Heat of Formation
We adopt AHf;SB = ~63.3¢0.8 kcal/mol and DE} = 159.3£1.5 kcal/mol based on equilibrium data anelyzed below. Greatest
weight is given to torsion effusion (2) and transport () data for the Al-AlT, system. The adopted value is bracketed by
the results of orher studies (1, 3, 4) and other reactions (7, B}. Equilibrium studies at a singie temperature yield
“‘Efzge = -62.8 (9, Knudsen effusion, reaction A), -52.4 (10, capillary effusion, reaction B), and the approximate range
-60.4 to -64.5 xcal/mol (1%, microwave spectra, reaction A). Hildenbrand et al. (2} found that orifice area affected the
vorsion-effusion prussures of ALF from reaction A. They derived equilibrium pressures from a semiempirical correlation
of data for the four cells listed below. Mass-spectrometric studies (8) of the Al-ALT; system near $50 K indicated that
the vapor consists of ALF with a small amount of All‘a. The JANAF Tables (12) predict P(AlF)/F(Al?a) = 80(900K), 34(1l000 K}
and 3.5 {1400 X). The adcpted DB = 158.321.5 kcal/mol is consistent with DB>155.7 keal/mol derived from the highest
observed level in AT €13). The potertial energy curve of this excited state may have a maximum (13, 14).
Range  No. of 5P Hrgo/(keal/mol) BHESgq o
Source Method Reaction? T/X Points gibbs/mol 2nd Law 3rd Law keal/mal
{1)Blsckburn{1965} Microbal. A §28-3919 7 2.5:2.8 58.2:2.3 56.02+0.5% -B4.31el 180.1 o)
(2)Hildenbrand(1363) Torsion eff.° =
Cell 7 L30Pt A 882-931 8 56.60:0,2 -63.73:0.8 159.5 >
Cell § P=1.72Pt A 856-932 8 56.81#0.2 -83,42:20.8 159.2 (%]
Ce_ll 15X P=2,07Pt A 666931 ?-d 56.8520.1 -63,4820.8 158.3 11}
Cell 16X P=3,13Pt A 867-929 7 §6.79¢0.1 -63.5420.8 189.3
(3rWite (1959) Torsion eff. A 830-932  Line® 574 -63.021 158.7 “_'1
(1?Blackburn{196§) Microbal. B 4u48-100% 5 54.5820.8 -54.,3821 160.2
eff. >
(4)0no{1964} DTA B 1250-1330 Eqn. 56.52 -62,44s) 188.2 [
{5)Semenkovich(1980) Transport B 1170-1373 s 55.56=0.1 -63.,:020.8 1%9.2 ®
(E)Bai}ﬁakov(l957) Weight loss B 1287-1383 5 58.7¢k.3 -60.22k 186.0
(1IKo(1965) Transport C 1199-13u8 18 32.69¢0.2 -62.27:1 158.0
(8)Hildenbrand(1965) Tersion eff. o 897-326 25 29.800.3 -65,33:21.5 16L.1
®Reactions: A) 1/3 ALF () + 2/3 Al(e) = AlF(g); 3) 1/3 AIF (e) + 2/3 AICEY = ALF(g);
CY 143 AIF(g) » 2/3 AL(L) = AIF{g); D) 1/2 BeF,ig) + Allc) = 1/2 Be(e) + ALF(g)
b&S = aSr°{2nd Law) - 45r°(3rd Law). Cp = equilibrium pressure and Pt = torsion pressure.

d()ne point rejected. eApproximate values from graphical line,

Heat Capacity and Entrepy

£lectronic levels and molecular constants are based on the detailed analysis of electronic spectra published by Barrow,
Kopp and Malmberg (15). Constants for the ground state are confirmed by microwave spectra (i, 18, 17). We omit electronic
states between 6000 and 58000 om™*
effects on the thermodynamic functions. The analysis of Barrow et al. (15) is supported by thecrerical calculations (18).

, including nine observed levels and one predicted level (15); these would have negligible
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ALUMINUY MONGTLUORIDE UNIPOSITIVE TON (AIF‘) (IDEAL GAS) GFW = 45,9784

s N 7.t - - B
Ground Stete Configuration [°27) aHfZ = 168 * & kcal/mol ALF
+ + . Q
Aruminum MownoFLuoRIDE Unipos. JTon (ALF™) ALF ST = [52.57 + 0.22] gibbs/mol SEES = 165.% : 6 keal/mel
298.15% 298.15

(IpeaL Gas) GFW=45,9794

Electronic Levels and Quantum Weights
State a5y et 8
P keat/mol -
= 2.4 o .
T,°K cp § —G-tmT  H-Homs aur acr Log Kp L 0 r21
o i106 163.962 £m 15000} [a)
100 . (4% [200001 121
200 2. 2100
298 T.44& 52,570 52.570 0.000  165.400 157,479 -115.435 [ [ 330001 [s1
300 7,456 S2.616 52,570 0.014 165,405 1570430  ~114.,687 . -1 B -1 R
400 1.879 56,814 52,067 0.779 165,683 154,730 ~G4e54) vy T L928) em® ve¥e = (3.1 oy et A
560 8,133 56,597 53,440 1.578 165,945 151.961 ~66.422 B, = [0.5873 em " a, = (0.008] em r, = [1.605) A
600 8,347 58,160 54,095 2.403 166.191 149,141 ~54,324
700 8. 508 59,399 Se,7e¢ 3.266 166.420 146.280 ~45.67) Heat of Formati
s . 55,4 . . - .. N e N . -
ggg ; (7’:3 Z? ;.‘,S 5; u::; : ég; i:: gg;’ i:;zgz _gz-;:g We adopt sHEj @ 16426 keal/mol based on the ionization patential IP(AIF) = 9.8820.25 eV (27.526 keal/mol). Barrow,
1300 80905 62,501 56.ci3 5.858 166,398 13T.726 -30.100 Kopp 2nd Malmberg (1) used the observed data for BF to predict that, to a good approximation, IP(ALF) = Te(AlT, 3d) +
1100 9. 0ot 53,356 BT 215 6.758 Le4n587 135,049 260332 IP(AL, 3d). This gave TP(ALT) = 79335 cm™ ' (3.B4 eV) which the authors (1) rounded to 80000 en™t (9.97 eV). We adopt
. . 5T, . . . -26. . s
1200 9.196 £4.,150 57,760 7.668 164.788 1324354 ~264,105 an intermediate value corresponding to oHfS = 184 kcal/mol. This yields Dy = 7026 xesl/mol for ALF (g) - Al (g) *+ F(g).
i .3 4,802 .28 . . . -2 . . A . . ‘s . e ’
pei:e] EF I SRS Siian e 12000 AL 1P(ALEY = 9.8620.25 eV is consistent with elestron impact data which gave the following values for the appearance
1500 9,684 86,252 59,254 10,497 165,471 124.179 ~18,092 potential of ALF® from ALF: 8,920.6 (2), 9.0zl (3), 9.2 (), 9.520.5 (3), 9 to 10 (§), 9.7:0.3 (7}, 9.740.5 (B), 9.920.3
1600 9.812 66,881 59,711 11,471 165.725 121,408 6.5 (87 and 10.1£0.3 eV (8).
1760 9.95) 87,480 £0.151 12,459 165.952 118.630 -15.251
1300 10.078 68,052 60,574 13.461 166,272 115.837 ~14,065 : apaci
1930 10,197 68.600  60.982 14,474 166.56) 1132.027  -13.001 feal tapacizy and sntropy .
zoud 10.292 85,126 e1.370 15,499 166,850 118.202 12,042 We assume The ground-state configuration to be the same as observed for BF (2) and the isoelectronic molecules AlO and
- . . . . 2 .
2100 10,377 69,630 61,787 16,532 167,166 107.359 11.173 ALY (10). Theoretical calculations for aic1* (11) predict the same ground state; they alsc suggest that the "I excited state
- - Le 222 . - - ° - . +
2200 18.468 70,116 £2.126 17.574 187,479 104:50% ~10.382 is either repulsive or has a shallow potential minimum at a much longer bond length. We assume the 7n state in ALIF  to be
O o N 6% 4 - - . - N B : N : s . + s N
iZog ig,;?; ;f_?,?g §§ :fs ')g :?,2 i:; Z;g lgé ::E —:'ggi nonrepulsive and estimate excited state levels equal to those in ALC (10), Comparison with ALCl suggests that Zn should be
2500 10557 Tie460 63,267 20.731 168,444 954855 ~8.380 in the range 5000-15000 cm™=. Our thermcdynamic functions would be upper-limit values if the 27 gtate were repulsive.
2600 10,617 71.875 RS 21,791 188,770 92,945 ~7.813 Bonding in Group III monchalides and their ions was characterized dy Berkowitz and Dehmer (11} from photoelectron specira
27gg 10,629 72,276 63,812 22,853 169,097 90,022 ~7.287 and theoretical calculations. They concluded that ionization removes an electron from an antibonding orbital ceatered mainly
28 10.638 72,643 66.i21 . . « - . oo . : .
2300 18. 64 72,036 23 &;2 gi ZH Zgg g;z g; Zzli 2'225 on the metal. This shortens the bond length end enhances the ionic nature of the bond. A decrease in bend lengih is observed
- Sed2 s . 3 - 3 “He + +
3300 10.636 734397 64,735 204045 101.192 87,013 -64329 for BF® (9) and predicted by theoretical calculations for A1Ci" (Ll, 10>. By analogy with 3F and BE (3), we expest AlF to
3100 10.632 73746 65,401 27.3108 101,777 864530 6,100 nave vibrational and rotational constants similar to those of the Rydberg excited states of Al (1, 103. Our adopted constants
3200 10.62} T4a083 65,230 28,171 102,362 B5.030 -5.876 are approximate averages from the Rydberg states. The adopted bond length is 0.05 A shorter than in ground state AMF; a
3300 10,609 T4.410 85,551 29,233 102.944 85.511 ~5.663 . . : : ot *
3400 10,594 Ta,T26 65,87 30,793 102,527 84,972 5,462 similar difference is observed for BF .
3500 10.577 75,033 66,015 31.251 104.099 84,419 -5.271
2600 10,556 75,321 66,329 32,408 104,571 834851 ~5.090 References
3700 104 541 75,620 6£.576 33,463 105,241 83,263 -4,918 1. Barrow, 1. Kopp and C. Malmberg, Phys. Scripta 10, 85 (187u).
3800 204523 750901 66,817 34,516 105,807 i P & o ==
3300 10,506 Tei174  o7.pee e ey Bleas2 Tl . 2. D. L. Hildenbrand and L. F. Theard, J. Chem. Phys. 42, 3230 (1965).
4000 10.686 T6.460 67.285 36,617 106,930 8lo412 ~4.648 3. R, D. Spivastava and M, Farber, J. Phys. Chem. 13, 1760 (1871).
> 15,
«100 10,469 764698 £Te512 37,665 107 0486 400766 4 305 4. D. L. Hildenbrand and E. Murad, J. Chem. Phys. &4, 1524 (1968).
:2300 10,451 T6.9%0 67.733 38,711 108.03¢ 80.111 ~4,169 5. E. Murad, D. L. Hildenbrand and R. P, Main, J. Chem. Phys. L5, 263 (1965).
3 10,435 77,356 57,951 39,755 108.589 794440 ~4,038 -
4400 104 420 772436 28,163 40,758 109,134 18,758 3he1 6. R. F. Porter, J. Chem. Phys. 33, 851 (1980).
4500 10,405 77.670 68,372 +1.839 109,675 78.058 -3.791 7. T. C. Eblert and J. L. Margrave, J. Amer. Chem. Soc. 88, 3301 (1984).
) 3 N 88,
5600 10,391 17.898 68,577 42,879 110.214 77.351 ~3.675 §. T. €. Ehlert, &. D. Blue, J. W, Green and J. L. Margrave, J. Chem. Phys. 31, 2250 (1964).
Z;gg ;g.;vg ;5.12? 68,777 43,517 110,749 760627 ~3,563 9. R. B. Caton and A. E. Douglas, Can. J. Phys. 48, 432 (1970).
236 82340 68,974 “h o9 »27 - =3, s o o et 3
4900 10.356 78.554 69,108 .‘,5,92? H}‘ggz ;;.fgg ~g.;§g 10. JANAF Thermochemical Tables: AlO(g). 6-~30-75; AlF(g), MgF{(g) 12-31-75; ALC1l (g) 6-30-76.
5000 10.347 TR.T63 69,358 47,026 112,327 T4, 403 -3.252 1l. J. Berkowitz and J. L. Dehmer, J. Chem. Phys. 57, 31%u (1872},
5100 10.336 76.968 €954 48,060 112.845 73.639 -3.15%
5200 10,371 79.168 £9.727 49,096 113.359 72.865 ~3.062
5300 100324 79,365 £9.907 50,127 113.868 72.082 ~2.972
5400 10,319 79.558 70,964 51,159 116,372 71.289 -2.835
5500 104336 19.747 70,258 52,190 114,870 70,483 -2.801
5600 10,310 79,933 78.429 53.222 115,386 69,675 -2.719
5700. 10,308 80,116 70,598 544252 115.6853 68,953 ~2,640
5800 10.306 80,295 70,763 55,263 116.336 48,026 ~2.563
5909 10.304 80,471 70,925 56,374 116,813 67,189 ~22489
6000 100306 80, bek T1.087 574346 117.282 660343 “2.417
June 30, 1968; Dec. 31, 1575; fume 30, 1976
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Aruminumg Fruvoripe Oxipe (0ALF) ALFO
(IloeEaL Gas) GFW=61.9783
aib Kealimol
T, °K cp 5 (G -~Hwe)fT  H-H'sms AHE AGE Log Kp
[} 2000 <000 INFIRITE -~ 22578 - 133391 - 138.391 INFINITE
100 Takbs bbhaThk 652479 “ l.874 -~ 138.488 ~ 136.892 303.549
200 F.563 $2+952 27,0868 - 1.023 —~ 138.777 - 139.197 152.197
298 li.187 564493 56.593 <000 - 139.000 - 139,357 lu2.152
300 li.212 56.762 56.693 =021 ~ 139.0u% - 139.360 ldie524
%00 12.307 &2.149 57.1%7 1a20L ~ 139.103 ~ 139.452 T6.193
300 13.021 62977 58.0338 22489 = 139.29% = 139.509 50.979
400 13.49% 65.396 59.068 3.797 - 139,420 =~ 139.561 504828
700 13.817 674502 &0.1286 5.163 ~ 139,553 ~ 139.550 43.569
8GC 14,045 694363 EIRPE-T] 6557 = 13%5.70e - 139,540 38.121
900 14,209 Fl.327 62,171 T.970 - 139,902 ~ 139.5u8 33.877
1000 14,332 T2.531 ©3.133 9,398 ~ 1%2.663 - 139.269 30.4637
1100 14,425 73.901 b4l 051 10,836 ~ 142,850 - .L38.921 27601
1200 14,498 75.160 56,925 12.282  ~ 143.035 - 138.55s 25.234
1300 14.55% 76,322 65.757 13.735 - 143.220 ~ 1384174 234249
2490 14,401 F7:403 664551 15,393 - 163.%07 ~ 137.77% 2ie508
1590 14.639 TRa&l) 27.308 16.655 - 1%43.%95 = 137.371 20.015
1600 14,670 T79.357 68.032 18,120 = 143,784 - 130.9%0 18,700
1700 14,696 B0.267 68.725 19.588 = 143.97% - 136.51s 17.552
1800 14.714 B8l.088 69.388 21.05%% - léx.ls8 - 130.071 164521
1900 le,737 Bl.884 TO.05 242532 - leb.306b ~ 1354817 154595
2300 14.753 828691 70.637 Z4.006 - 144.5862 ~ 135,152 14768
210¢ 144,760 83.361 Tielen 25.%82 ~ la%. 762 ~ 134,677 la.dl6
2200 14,778 B4 063 T1.794 264,960 = 14k 908 ~ 1340133 132331
2300 14,739 Be.T05 T2.%%1 284 %38 - 145,172 - 133.496 12.704
2400 14,798 B85.33% 72,869 29,917 = leS.3al = 133.1%2 L2.129
2500 14,806 85.939 73.380 31.3%98 = 145,594 = 132.683 11595
2500 14,314 86,523 T3.876 32.979 - 1%95.410 - 132.181 11i.109
2700 14,820 87,379 74,353 344360 ~ 146.029 - 131.632 100655
2800 14,828 8T.618 T4.817 35,843 ~ 215.4600 ~ 130265 lucley
2300 14,831 Bd.138 T5.208 37.325 ~ 213,624 - 127.215 9587
3000 14,936 Bd.akl 15.705 38.809 = 213.590 = 124.l08 F.0%0
3100 14.840 §9.128 T6.130 404293 - 215,559 ~ 1214120 8453y
3200 14.84%4 89,599 16.544 41777 - 215.531 ~ 118.074 BeUs4s
3300 14.348 90.05¢6 T&.9%a 4322861 - 2i5.506 - 115.0e9 Teblo
3400 14,851 90.499 T7.339 aheThe - 215.435% = M1l.987 T.1498
3500 14.85% 90930 1T.722 46,231 ~ 215,408 - 108953 6,803
3600 l4.8%6 91,348 T8.093 4T.717 = 215,450 - L25.496 B.02Y
3700 14,859 9Le 755 78.457 49,203 —- 231%.%37 - 132.855 8075
3800 16.88) 92.152 Tgan12 50.629 - 215.428 -~ 99.811 5.7¢0
3300 24,5863 92.538 79.159 52,175 - 215.%:0 ~ $5.769 Se2s
4300 1%.865 F2.914% 19.499 53.b01 = 215.%17 - 93.728 5.121
4100 14,867 93.281 79.830 55,148 ~ 215.410 - 90.488 “.834
4200 14,869 93,639 Bl 155 56. 635 ~ 215,417 - 87.644 %.561
43400 14,871 23.98% 80.473 38.122 = 215422 = 34800 4.300
4403 14,872 S4,331 80.784 59.609 - 215.430 ~  8l.557 4051
«500 14,873 Fho 665 81.088 61.096 — 215442 ~ 783186 3.813
4600 14,475 94,992 81,387 62,584 ~ 215.%56 —- T5.470Q 3,588
4790 14,8706 95.312 8l.080 54071 ~ 2Z15.478 - T2.432 3o3un
4800 14,877 33,625 Bl.967 85,559 ~ 215,497 -~ &9.386 3.159
%900 14,378 95,932 82,249 672047 = 215521 - 05339 2.95%
5000 14.879 96.233 82,528 68a 5340 - 215.551) - £3.297 2.767
5100 14.880 So.3527 32,798 70.022 - 215.58% —- blU.251 F38-1-73
5200 l4.881 95.Hld 83.084 Fil.s11 - 2i5.022 = 27.2ub 2404
5300 14,682 97.100 83.320 72.999 ~ 2154665 - 564,157 20233
5400 14.883 97.378 B83.584 T4.%87 ~ 215,712 -~ 5l.lil 2.06%
5500 14,883 97.651 33,837 75.975 - 215.704 - 48.064 1.910
5600 14,884 97,919 84.086 TT 004 - 215.022 - 45,012 1757
5700 16.885 98,183 B4a331 T8.5%2 - 215.8b4 ~  4l.9%0% 1.695
5300 14,685 98,442 B84.573 30441 - 215.9%3 - 38,909 Le%os
5900 14,886 98.695 B4.810 81.929 - 2ls.028 ~-  Bou.yg47 ko324
6000 14,887 98,948 85,063 83.418 ~ 2164109 - 32.402 1.195
Dec. 31, 1960; March 31, 19643 Dec. 31, 1875

ALUMINUM FLUORIDE OXIDE (OALF) (IDEAL GAS) GFW = 61.9793

Point Group (¢} AHfB = -138.% ¢ 4 or 7 keal/mel ALFQ

5293.15 = {56,869 ¢ 1 or 4} gibbs/mol ;\Hf;sa.ls = ~139 ¢ % opr 7 keal/mol
Ground State Quantum Weight = [1]
- .
Vibrational Frequenciss and Degeneracies Bond Distance: 0-Al = [1.,611 A AL-F = {1,633 A
o, em” o, cm” @, emt Bond Angle: 0-Al-F = [180°} =1
[6751(1) 388 (2) 1022 {1} Rotational Constant: BO = {0.184212}) cm_l

Heat of Formation

We adopt AHf;.zgs = ~139s% kcal/mol and aHaj = 293.2:¢ kcal/mol, derived from effusion data for reaction A (1). This
reaction is analyzed below along with limited equilibrium data for three other reactions. The latter sare in satisfactory
agreement with reaction A. Dissociation energies calculated from our adopted values (5) are 13.9 keal/mol larger than those
of the corresponding diatomic molecules; i.e., Da(FALO) = 133.92u, DS(OAI-F) = 173.2¢4, or alrg = 13.825 keal/wol for
the reaction QAlF(g) + Al{g) = AlF(g) + Al0{(g). These values suggest that 0=Al-F has enhanced stability, comsdstent with the
observation of this reaction (4) by mass-spectrometric sampling of flames containing aluminum species. We assign AHE® the
alternative uncertainty of 7 kcal/mol in case QALF is nonlinear. Farber and Srivastava (%) enpbasizad that 4Hf® is much too

negative to be compatible with the alternative arrangement Al-0-F.

Range No. of 85" 8Hp oo/ (keal/mol) aHES g,

Source Hethod Reaction® _T/K_ Points gibds/mol  2nd law 3rd law  keal/mol
(1}Fapber (1863) keaction effus. A 2203-2228° 8 -22:26 43225 91.021.6  -138.9:3
(2,2)Srivastava(1971) Mass spec® B 1540-1923 8 4 107.1¢3.2 4 143,67
(4)Farber {1975} Flame mass spec. [ 2250 1 - - ~10.2 ~135.32%
Flame mass spac, D 2250 1 - - =11.7 ~133.0¢8

*Reactions: AJL/3 ALF;(g} ¢ 1/3 A2,0,(a) = OALF(g); B) AlFlg) + AL,0(g) = OALF(g) + 2Al(g);
CYALF(g) + ALO(g) = OALF{g) ¢ Al(g); D) ALF(g) + H,0(g) = OALF(g) * H,(g).

P5S = 85r%(2nd law) - 85r°(3Ipd lew)
€T converted to IPTS-68 assuming published values to be IPTS-48.

dAnalysis based on relative ion intensities corrected (3) as follows: I(0AIF?=65 atr 1773 X and I{AlF}=120 at 1523 K.
Values of prez‘e not measured, thus precluding 3pd~law analysis.

Heat Capacity and Entropy

Snelson (B) observed infrared spectra of CAlF, OBF, OBCL and OBEr isclated in inert gas matrices. He proposed lisear
tructures for OBCL and OBBr based on agreement of observed and calculated shifts in isotopic frequencies. Isotopic shifts for
OBF were consistent with linearity but were less conclusive. Lacking isotopic data, Snelson (§) assumed OALF to be linear.

For triatemics having 16 valence electrons (either BAB or BAC types!, a linear ground state is predicted by Walsh's corre-
lation (7) and related semiempirical calculations (8). These correlations depive mainly from covalent triatomics in which the
central atom is carbon or some less electropositive elemant., Ionic triatemics can behave differently; e.g., the alkaline
earth difluorides change from linear (Bef,, 5) to bent configurations (CaF,, Srf, and BaF,, 8). OALF is isvelectrenic with
and intermediate between MgF, and SiO.z. Electrie deflection data indicated S:'LO2 tc be linear (10). Data for Hgfz (5} are
contradictory, indicating either a linear or slightly bent (+158°) structure. This comparisen with $io, and WgF, favors
linearity of QALY but does not ruls out & slightly bent structure. -

We adopt the linear structure 0=Al-F with an 0~Al distance slightly shopter than in AlO (5) and an AL-F distance equal
to that in AlF, (§). We assume the ground-state configuration to be 1% and neglect excited states which should be relatively
unimportant (8). Vibrational frequencies are those assigned by Snelson (8) from a comparison of derived force constants for
OALF and OBX molecules. Values of Vg and vy are from IR spectra in an argon matrix. Snelson (8} used a stretching' force
constant transferred from AlF; in order to estimate v, = 678 em™L, Although a weak absorption was cbserved at 687 cm’l, this

band was not assigned (82 to v, because it was not conclusively associated with Vg and vy- The moment of inertis is 15.185 x

1
1073 £ em?.
We estimate the uncertainty to be nl gibbs/mel in the entropy and Gibds-energy function of linear OALY. If OALF were
nonlinear with an angle of 150°, S® would change by +3,8 (298 K) and +2.1 (2000 K} gibbs/mol, while the Gibbs-energy function

would change by +2.8 gibbs/mol at 2000 K.
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Aruminum DBirLuomine (ALFg) ALFo
(IpeaL 6as) GFW=649783
—
cal/
T, op §° (G ~Hme)T H-H'mm sHF AGE Log Kp
7] 0. 000 0.000 INFINITYE . =2.750 ~165.546 ~165.546 INFINITE
100 8,551 52,661 72.363 -1:940 ~165.537 ~168.569 364,036
200 $e 814 58,982 £4,087 ~1.G21 =165, 760 ~167.533 183,072
298 10.980 632120 63,120 0000 =1566.000 ~168,357 123.409
300 10.979 62,188  63.i21 0:020  ~166.005  -168.372  122.659
400 114844 462473 63,563 1wl td -166.230 -168,12% F2.%06
500 120420 59,183 bhoiliy 2379 —166.453 ~169.824 T4a230
Q0 12.801 T1.4683 65513 LTS -LF ~166,€31 ~1TD.4F7T 52.095
50 13,058 132677 bhatit 4a936 ~-166,923 ~171.060 53,617
8OG 13. 239 752233 6Tusi9 82251 —-167.1%91 ~17} .0869 %5.898
900 13,388 T6.800 68,376 72582 -167.4698 ~172.210 41.818
1000 13405 784214 69,290 8.924 -170.374 ~172.532 37.707
1100 13,538 79.501 70.161 i0:274 ~-170,675 ~172.734 34,319
1200 13,595 BO.681  70.589 11.631  -170.976  -172,908 31a481
1300 13.640 81771 T1.717 12.992 ~17T1.27% ~173.0%6 29.093
1400 23,478 A2 T84 T2.528 14.3%8 =171.,57% =-173.1682 27.035
1500 13, 705 83.728 T3, 243 15.727 ~171.875 ~173.286 25.243
1500 13.729 Bha 613 73.926 17.099 ~172.177 ~173,371 23.6
1700 13. 750 85,646 75,580 18,473 -172.430 =1T3.436 22.2217
2800 13,767 Bt.233 TS.206 15.849 =172.78% =173.484 21.064%
1900 13, 781 Bh,978 T5.836 210228 ~173.090 ~-173.514 1%.959
2000 13,794 87685 Teadn2 22.605 ~37¥3.397 -173.528 18.962
2100 13,804 88,358 TEe93T 23,945 ~173,706 ~173.530 18,089
2200 13.814 89,000 TTe4T0 25.366 ~1T4.017 ~173.514% 17.237
2300 13,823 B9.6t5 TTe983 264 T48 -1F4 o328 ~173,681 16,484
2400 13,831 50,203 T8, 482 28,130 =174, 643 =173 .438 15,794
2500 13.838 90.746 T8.962 25,514 ~174.959 ~1T3.384 15.187
2600 13, 845 91. 311 T9.427 50898 ~-175.277 —=173.313 14.568
2700 13.85 91.833 79.877 32,283 -175.596 ~173.232 14.022
2800 13.8%8 92,337 B0.313 33.668 ~2454327 ~172.309 13.449
2900 13.86% G2.824 80.735 35,0854 ~245,388 ~169.699 12.789
3300 13,872 93,296 81167 ELTLT N =245 451 =187,0%0 12.372
3100 13.87% 932749 81,544 37.829 ~245.514 ~1b4.476 LE.596
3200 13,387 94150 8la934 39,217 —-245,580 -161,860 314035
3300 13.89% 94,617 82,312 40,6086 —245.657 ~159,243 10,546
3500 3,305 95,032 82,680 41,966 ~245.718 ~15£,625 10.068
1500 13.915% 95,435 83.039 43,387 ~245.T88 ~156,002 Fabls
3686 13.926 95,827 83.3u9 46 779 -245.857  ~151.376 9.190
3700 13,937 946.209 83.733 66,173 265,929 ~148,753 8,786
3800 13,950 96.581 B4.063 47.567 ~246.004 -146.126 Bat04
3300 13,963 DELG43 B4, 389 ©8.963 ~246.07% ~143,495 Bo0%1
%080 13,978 97,297 84,707 50.360 ~2456.156 ~1403.865 T696
«100 13.99%3 T2 b2 85,018 51,758 =245,235 =138.234 Ta369
“200 14.010 37.%80 852323 53,158 ~246431% ~135.537 7.056
300 14.027 94,310 85,021 54,560 ~246.394 ~132.95% 6.758
4400 14.065 98632 85,913 55,98% 2466476 ~130,318 Sakl3
4500 14.065 98.948 86,200 5T.3¢&9 —246.560 ~12T+680 64201
4600 14,085 98.258 852480 58,777 ~24bo 643 ~125,036 5.94
4700 14 108 29,561 86,755 60186 ~2%&. 731 ~122.396 5.691x
“300 1%.128 99,859 87,025 61.558 =2466.818 -119. 747 5452
4900 144151 100.148  87.290 63,012 -266.907  ~117.09% 5,223
2000 14,178 100.436 87,550 6% %28 ~245.999 ~E1h.447 5.002
5100 146,199 109717 87,805 $5,847 ~247.092 -111.797 4o 79
?200 14,226 100.993 BE.056 67.268 -247.188 ~109.141 ﬁ.Sﬁ'}'
5300 16,250 1014284 88,303 68,8692 47286 ~106, 485 %e391
5600 14,276 101.530 88,545 70.118  -247.387  -~103.529 40202
5500 14,302 101.792 BB, 734 T1.547 247,491 ~101.172 %020
5600 14,329 102.05¢ 89. 019 72.978 =247.599 -98 506 ED
3700 14,357 102.306 89,249 Thobl3 ~267, 708 ~95,845 3.:’;;
5800 16,385 102554 89477 75.850 ~2467.822 ~93.178 3.511
5900 14.413 102.800 89.700 TT.2%8 ~247.940 ~90.513 3.353
6300 14,44} 103.063 89,921 T8.732 =248.063 =8T.843 3.200
Dec. 31, 1960; Sept. 30, 1964, June 30, 1972; June 30, 1976

ALUMINUM DIFLUORIDE (AlF,) (TIDEAL GAS)

Point Group fCZV]

GFW = 64.9783

BHEY = -165.5 ¢ 10 keal/mol ALFy

$99g.15 - [63.12 ¢ 0.51 gibbs/mol BHfG g 45 T 166 ¢ 10 keal/mol
Electronic Levels and Quantum Weights ¥ibrational Frequencies and Degeneracies
= -1
%9_53 g5, cl & @, cm
zAl {03 2 [72381(1)
By {2c0001 2 [2803(1)
2
B, {25000] 2 [8splil)
fiond Distance: AL-T = [1.651 & 0c2
Bond Angle: I-Al-F = {120°)
Product of the Moments of Lnertia: I,TgT. = [3.3688 x 3073157 g¥ ot

Heat of Formation
We tentatively adopt AH[G,,
to that in Al}‘alg) (1). &Hf® is & compromise between discrepant results (-180 and

v -166:10 kcal/mol which corresponds to an average bond energy, AHaEM = L]

kecal/mol, similar

-151 keal/mol) from two mass-spectrometric

equilibria analyzed below. In our opinion there is possible cause to suspect Kp for either reaction. The large entropy

discrepancy (85} for reaction B suggests a temperature-dependent bias in the mess-spectrometric Kp (8). If both AT, and AlF,

were determined from the intensity of Al?z at different ionizing energies, then we expect AHE® (§) to be a positive limit.

Reaction A was studied twice by molecular flow effusion of A1F3(g) over the system Al(’.)—.u?os(c)‘

The earlier study (3,4)

yields AHFY = _188 or ~179 kcal/mol, depending on the ionizing energy. Unfortunately, the ionizing energy in the first case

258
is ambiguous. We conclude that AHE® is guite dependent on ionizing energy.

in the ionizing energy scale or related problems.
We believe that AHf® (3,4) may be a negative limit.
The later study (2) of reaction A yields AHE® =

value. The possibility of negative bias is suggested, however, by inference from average bond energies (see ALCL
using AHf® = -180 to derive ANE® of other species in related mass-spectrometric studies.

AKEP(ALF,) are discussed on the tables for ALF,”, ALF,T, AIF,0, AICIF, ALCIF,, and ALCL,
These ars consistent with A}if°(AlF7} = ~366 instead of -180. Although an
= -166 kcal/mol.

we have reliable, independent values of AHF?.
alternative explanation is conceivable (see ALC1F,, 1), we choose AHf"(AIFZ)

In addition Kp and AHf® may be affected by bias
+
These are discussed in more detail on Tables for Al??., AlCl, and ALCL, [¢5

= _180 kcal/mol. Tnternal evidence (2} gives us no reason to suspect this

,» 1) and by
Effects of alternative values of
F (1>, 9Only for AlClP2 angd A‘.CXQP ac

] Tonizing No. of Range &s® Mirggg/(keal/mod)  BEf3gq  MMag/2

Source Reaction® Energy, eV Points T/K gibbs/mel 2nd Law___ 3rd Lew - - -keal/mol- -

(z) Uy {1872} A AP+(2Z or 3) 7 1853-1675 ¥.,021.7 31.0£2.5 24.8:0.9 -180.1 1u7.0
{3,4) Farber (1971) A AP#n7 2 1539 -——— - 25.8 -179.2 146.5
(E,B—_) Farber (1971) A 20{or AF¢3) S 1u08-1633 3.620.6 22.5:0.9 17.0:0.8 ~188.0 150.8
(5) Enlert (1364} B ? L 1263-1301 ~76z10 EUFES & 50.223.7 <-151.2 »132.%

3peactions: A) ZALF(g) = Al(g) + AIF,(g); B} AlF;(g) ¢+ ALrlg) = 2A1F,(g).

Beat Capacity and Entropy

The electronic ground state is that predicted for BF, by theoretical calculations (E);
We estimate excited srates of BF,
1ations {B) have a blas similar to analogous caleulations (8} of XO,

empirical calculations (7) for BF,, AlF,, BCl, and A1CL,.
by assuming that approximate theoretical calcu
Dissociative electron-
to estimate a crude correlation-ensrgy correction for Al?‘z(zsl) . o
are approximate; they yield ~20000:10000 {BHEC = -16B) or ~25000:10000 cm”® (BHE®
Vibrational frequencies are calculaved from the estimeted force constants fr

: . +
and force constants are estimated from simultaneous consideration of Alf‘2 N Al?z,

We assume that frequency changes are qualitatively similar to those of NGZ

we expect a large decrease in V3. an incpease in vy and some increase in vy-

.A\ZLF2 should occupy an antibonding orbiral which increases the bond length but decrease
* (1) and a bond angle equal to that in BF, (8.

° .
constant. We assume a bond length £.05 A longer than in Alf‘z

woments of inertia are 1.783 x 107°%, 12,882 x 107°° and 14.685 x 10

-38 g em®.
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Dissociative electron-attachment data (11) for Al}‘z( 8,)

¥, Hosteny and M. Krauss, J. Chem. Phys. 83
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(3.

2
We use BFZ( Bl)

= ~180). o
= .25 and fa/r-z = 0.25 mdyn/h. Frequencies
Al}‘z" {1) and the analogous boron species.

*. %0, and ¥0,T. In going fvom a1, o AlF,,
By analogy with Bf'? (6), the odd electron in

s the bond angle and stretching force
The principal
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Aruminun DiFruorine Usiposivive low (ALF2+) ALF2+
(IpeaL Gas) GFW=64.9778
S Keabimal
T, K Cp® § (G =Hw)T H-Hme afe AGP Log Kp
0 ~2.804 20G.919
100
200
298 11.778 57.167 £7.167 000 22,000 19.931 =14.610
300 11.798 57,240 57.167 0,022 22,006 19.918 ~14.510
200 12.688 &0, 764 57,041 1o249 225381 19170 ~10.472
500 13.286 &3, 664 $8.564 22550 22,721 18.330 -86012
500 13.688 66,124 5625 3. 900 23,077 17,418 ~80345
100 13.964 EB, 256 &£0.7029 5.283 23.420 16.648 —~5,135
800 Taa180 78.136 61 T2 5#8650 234761 15.429 ~%a 215
900 14302 T1.870 62736 Ba113 24,023 14,373 =3, 4903
12300 14,407 73.223 £3.774% 9549 21.738 13.470 =2+9%4
iloo La,488 74,700 LLLTR6 10.996 22.029 12.629 =2.509
1200 14,551 75,966 £5.5%2 12,446 224321 11,761 ~2.162
1300 14,500 77.130 66,635 13,906 22.615 10.870 ~1.827
1400 14, 641 T8. 214 &74x38 15.3¢6 22.908 9.956 ~1.554
1500 16,674 TR.225 £8,004 16.832 23.201 9.028 ~L+31%
1800 140 701 80,172 £B.735 18.300 23491 8.065 =1.102
1700 14,723 8).06% 5.4 15 15.772 23.783 7.093 ~0.912
1800 14,742 81,907 T0.10% 21.245 244,073 be102 ~0s 741
1800 16,758 82,705 TOTAT 22.720 244362 500898 ~0.586
2400 14,772 83,262 AT TS 244187 24,650 4075 ~04%65
2100 14. 784 84,183 Ti.957 2567k 24,934 3.037 -0.318
2202 14,795 A4, 87} T2.529 27.1572 250218 12987 -0.197
2300 14a. 804 85,529 73,080 i8ebl2 25.502 0.928 -0.088
2400 146,812 E&.159 T3.612 30116 25.783 ~0.148 0013
2500 16,819 B TESL Thal 28 31.59¢ 26,062 ~1.235 0.108
2600 14.825 87,345 Téat2d 33.078 26,338 =2.332
2700 14, 837 87.90¢% 75,105 ELTS 154 26,614 ~2a440
2800 14,836 BR.404 T5.571 34060 ~%2.522 =3.728
2900 14,84% 88.96% T4a024 3Te%28 —&1.988 =2+351
3900 14,845 89,468 Téakta 3%.012 —41a%57 -DaP95
3100 14,846 89.95% 764892 40 %5T =40.927 G.345
3200 14,852 QB 427 TT.307 412902 ~40.399 1.670
2300 14,855 90884 T7.T12 43.4¢7 -39.873 22978
3400 14,858 91.327 78,106 bh 53 ~39,.349 4a265
3500 14,860 91.758 TE. 430 Lo B2G -38.827 5.542
3600 14,863 92:178 78864 aTe%2% ~38.308 62805 =0y bl3
3760 14, 845 92,584 15.229 4%a%11 =37.791 8049 ~0.4675
E-Tch) 14.887 92.960 7o.588 50.898 =37.276 Fe282 ~0.534%
3500 14,869 S3.368 T8.934 52.385 ~36.703 10,5080 ~0.588
2000 14,870 93.743 B0.275 53.871 ~36,25% 11.704 =0.639
“100 164,872 F4.110 90,608 55359 =35.T47 12.8%4 —0.687
%200 14.872 94,468 ED IR 56,846 ~35.242 14.077 =G.733
4300 14875 94,838 BY.253 58.333 =34.7408 15,247 ~0.TT5
«&00 14, 876 954160 82505 59.821 ~3%.241 16.406 =0.815
4500 14,877 $5.455 3,871 0le309 ~33.744 17,547 =0.852
EY-1eb] 14,878 95.822 82.110 béw 798 -33.253 16,683 ~0.888
«700 14.880 96.142 Buksva bha 284 -32.765% 19.803 -0.921
“«800 14, 883 Sbek5E B2a752 ©5.772 ~32.279 20.918
4950 14.881 Q6. TH2 33,035 67.2¢0 ~31.797 22.027
5000 1¢,882 97.063 83,313 68.T8% ~31.320 23,117 =1.010
5100 i4.883 97.357 83,585 T0.237 ~30.847 244199 =1.037
5200 16,884 ST bbb 83,853 TieTi5 ~30.379 25276 ~1.062
5300 14,885 $7. 930 84.116 73.214 ~29.915 264342 —1.086
5400 14.885 98,208 84,374 T4.T702 ~29.45T 274397 =1.109
5530 14,886 58,481 flat28 76191 =29.005 2Bus4s ~1.130
Sou0 v&,887 98, T6% A4,878 T7.679 ~28.559 292489 =lel3]
3700 14,887 9,013 85.124 T9.168 ~28.117 30.519 ~1. 170
5800 14,888 99,272 85:365 20557 =27 682 31546 -1.189
5390 14,8P8 99.5%¢ 85,602 B2elut ~2T 6254 32.562 -1.206
5000 14889 99, 77T 85,837 B3o634 =260835 33.571

Jupe 30, 1968; June 30, 1972; June 30, 1576

ALUMINUM DIFLUORIDE UNIPOSITIVE ION (A1r2'> (IDEAL GAS) GFW = B4.9778
Point Group LD,) AHES = 20.9 3 15 keal/mol ALF, *
S3gg.15 ° L5717 £ 1) gibbs/mod BBEjge 15 = 22 * 15 keal/mol

Ground State Quastum Weight = [1]

braticnal Freguencies and Degeneracies

15703 (1)
[240] (2)
[10003 <1}
-
Bond Distance: AL-T = {1.80] & o= 2
Bond Angle: F-Al-F = [180%}

Rotaticnal Constant: B = [0.17330] [

We adopt AHfEQB = 22:1% kcal/mol and an ionizati::n potential lP(Ale) = 8.120.% eV, .
15.220.3 eV for the appearance potential (AP) of AlF? from Al?a. The analogous process fo*f onset of BFZ from Er‘a has been
from electron impact (k) carried

Thus, we take AP-L* = afirg =

JANAT auxiliary data (5)

TLlectron-impact studies (1, 2) gave

studied by both photoionization (3) and elostron impact (4). Comparison indicatef that BF,
an excess energy (L*) of ~0.u tc ~0,3 eV, We estipate the excess energy for AlF, as 1.020.5 eV,
14.2:0.5 e¥ ( .5:1u‘kc31/mol) for the reaction ALF (g) * e (g) = Al}';(z) 4 ¥Y(g) + ze (g). With
this yields uHI’é(AlT,I ) = 2lels, A}M";g6 = 22¢15 and IP(ALTZ) = 187220 kcal/mol (8.320.9 eV).
Electron-impact studies cf Alr2 gave approximate appearance potentials AP(AJ.F?*) = 92l (1), 1021 (B) and 1l:l eV (7}. We
Electron impact on Alf2 should -'/ield a

+
dismiss the last value (7} due to possible blas analogous to that of AlCl2 (g) (3.
vertical AP corresponding to a nonlinear (excited) configuration of AIE'Z‘. Theoretical e¢algulations for the linear B, state
aof BF, (8) supgest an excitvation enmergy of ~1.1 eV at a bond angle of 120°. TIxtended Hiickel zalculations for Al?,ﬁ {3) suggest

nLlooevoat 1307, Thus, we combine E®* = 1.230.5 eV with the observed AP values (1,8} %o get TP(ALF,) = 7.821.2 and
6.821.2 eV, These are consistent with the adopted value.
The extended Hilickel calculation (37 gave IP(AlF,l) = 7.8 e¥ at a bond angle of 130°. This result should approximate the

vertical IP which we expect at A9.3 eV,

Heat Capacity and Entropy

13" and neglect excited states. We expect the ground state to be linear by
Although conflicting data (5) suggest that
We estimate the

We assume the electronic ground state to be
analogy with other triatomic species having sixteen valence electrons {103 .
isoelectronic MgF, is either linear cor slightly nonlinear, recent Raman data {11) favor a iinear structure.
bond distance to be siightly shorter than that in Al?‘3 and D.O§ A sherter than that estimated for A1F2 {5). We transfer the
z from MgF,. This ratio is a compromise between very different

stretching force constant from ALF, and the ratio f /f = ~13 A7

3 . : -
values of vy observed for Mgf, in the gas (5) and metrix {11} phasef. Thus, we calculate vibrational frequencies for ALK,
from the force constants fr = 4,9, frr = 0.2 and fa/r7 = 0.14 mdyn/A. The resulting values have been rounded downward. The
moment of inertia is 16.151 x 107°° g cm?.
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Aruminum DifFruoripe Uniwes. lon C(ALF,7) ALF,”
(IpeaL Gas) GFW=64,8789
gibbs/mot Weatimol
T, °K cp §  ~(C-HwsyT  H-Hse AHP AGE Log Kp
a ~2.766  -215.081
0@
200
298 11.16 ¢2.125 £2,.25 3000 =217.000 “217.573 159.485
200 1l.138 626194 62e128 Q.02 -217.013 —~21725Ts 158,504
430 12.099 £5.525 62,574 i.180 -217.720 ~21T7 <656 1i8.922
500 12.552 68.267 EERLEYY 24410 ~218.425 ~2174560 95,095
600 12.908 78.589 bhaLil 3.6P4 -219.139 -217.321 T79.15%
700 3,146 T2.59¢ 65.472 4a988 ~215. 847 -216.959 67a738
800 13.310 The 365 StauTo ©e31l ~220.624 ~216.593 59,143
00 13,428 T5.340 LYFLLSY T.b648 ~221.422 =215.929 524435
icog 13.51 77,359 t8.363 3396 —224.789 -215.092 47.008
1100 13.580 78.650 65,241 140351 ~225.582 ~214,084 42,535
1200 13,633 79.834 T0.07> 11.71% ~228374 =213.003 38,733
1300 13.671 80.927 70.368 13.07¢ -227.167 ~211.856 35.4618
1eD0 13,703 dl.947 TE.623 142645 =2276961 ~210,649 32.884
15090 13.729 82.888 TZ.%4% 15817 =228, 156 —209.385 30.5017
1500 13.750 83774 TI.030 17.191 ~229.552 -208.067 280421
1700 13,768 84608 T3.687 184567 ~230,350 =-206.699 286:573
1800 13,783 85.35¢ Tbh,si6 19.5944 ~231 150 =205.286 242925
2300 13,796 Béo14] T4,919 21323 =231.951 -203.827 23.445
ZOU¢ 13. BO7 86,8469 752498 22.703 ~232. 754 -202.328 22.109
2100 13.817 87523 Te. 354 24.085 ~233.557 —-200,786 20.89%6
2200 13,825 88s 104 T&a5%0 254467 =23%.364 ~1%9,207 19.739
2300 13.832 BE.T8! Traia? 26.850 ~23%5.171 ~-197.,588 18,775
2500 13,829 89,270 T7.60c 284233 ~235.982 =195,938 17.843
2500 13844 89.935 TE.0u58 29817 ~236, 195 =1%4,255 L6.98¢
2600 13.8%0 90.478 T8.55% 31.002 —237. 508 ~132,535 16s1 80
2700 13.854 91.001 79005 32.387 ~238.42% -190.787 154463
LEB00 13.85%9 51.505 T%a643 33,7732 ~308.651 -188,178 be.688
2900 13,863 91.%91 T9. 867 25.159 =309.209 ~183,845 13.856
3000 12.868 92,461 20,279 ELYS1 ) ~309.770 =179,535 13.079
3100 13,872 92916 80,679 37.932 ~310.330 =175.183 12.350
3200 13.876 93,356 81.089 3%.320 ~310.893 ~3170.814 1l.666
2300 13,881 93.783 LAY ) «0.708 =311.4%8 =166,428 1l.022
3400 13.886 94,168 Bl.817 42.058 -312.026 -162,027 10.515
3500 13,857 34.600 32.176 43,485 ~312.59% =157, 605 9841
3600 13.3898 94,992 82.527% 44,874 =313.165 ~153,168 9.298
3730 13.905 954373 B2.889 4be265 ~313.737 ~148,715 B.78%
3800 13.912 954 Tad 83.2u3 27655 ~314,213 ~L146,246T 8.296
3900 13.920 96105 B3.529 45.047 =3le. 889 «136. 756 7.832
©30¢ 13.929 G5a458 82,848 20.439 ~315,467 —~3135.267 7+391
<100 13.960 9&.802 8. 60 514823 =316.047 ~130.75& 6970
“200 13,951 $7.138 Bba4s5 53.227 =316.629 ~12¢.229 6568
«300 13.9¢3 GTabbb 84,763 S54.8623 ~317.212 -121.688 62185
“a00 13.976 e7.787 85,033 56,020 ~317.798 ~117.133 5.818
4500 13,991 98102 BSs 342 5Teal8 ~318.385 =112.567 S5e487
“500 14,007 G8.405 A5.623 58.818 -318.573 -107.986 54131
B 1a.023 98,711 85,898 00220 —319.565 ~103,3%8 %0608
«800 14,042 $9.006 d6.168 61623 =320.158 ~98.790 bok9d
4300 16,061 99.29¢ P6,433 53.028 -320.753 =94,167 4200
5000 16,082 99.580 Boa.6T2 64,25 ~321.350 -89,539 3.916
5.30 14,104 9%.859 BBy 65.844 ~321.950 -84, 900 3.638
5200 14,127 190,132 87.199 67,286 ~322.552 ~80.243 3.373
5300 14,157 100403 B7.eap 28,670 -323.157 ~715.578 3.117
5600 14,177 100.667 Blecdn 10.086 -323.765 -10.903 2870
5500 14,205 100.928 87.927 7i565 ~324.375 =86a.216 2a631
5640 l4e231 101.184 A8a152 72.527 —~324.989 -61e 513 2. %01
3700 16,260 101,438 88,592 T4e352 =325.405 ~56.804 2178
5cuQ 14,290 101684 88,619 75.779 ~326,226 ~52,082 1.962
5990 14,321 101.929 88,842 T7.210 =326.85%0 ~67.352 1.754
$000 14,352 102.170 £%.003 78643 ~327.478 ~4624 605 1.552

Juue 30, 1968; June 10, 18725 lJuce 30, 1976

ALUMINUM DITLUORIDE UNIREGATIVE ION (Alr,‘-) {IDEAL GAS) GTW = 64.3783

Peiat Growp £C, 1 AHfa = ~215.1 £ 70 kecal/mol ALF 2
$5gy.1p = L62.13 2 0.8] gibbs/mol BHESgy 1o = -717 = 20 keal/mol

Electronic Levels and Quantum Weights

_._Siate - £;
A 1ol 1
lB1 [ 2600017 3

Bl £4u000]) hY

Y¥ibrational Frequencies and Degeneracies
-1
wy om

[£7301415
[2801(13

{780)013
Bond Distance: Al-T = [1.70] A o=z
Bond Angle: F-Al-F = [105°]
Product of the Moments of Tnertia: T,I.T = {£.5990 x 1072197 g% cnf

Heat of Formation

We adopt dHf;Ss = ~717:20 kcal/mol which corresponds to an electron affinity of EA(ALP,} = 5028 keal/mol (2.720.4 eV) and a
Filuoride-ion affinity of IA(ALF} = 92220 kcal/mel. JHf® is based on Kp data for the reactien AlF,z(g) + F'(gy = F(gl +
AlT,l_(g) reported by Srivastava et al, (1. The authors measured Kp with a molecular-flow-effusion method using a mass
spectrometer operating in hoth positive- and negative-ion modes. They give three points (1705-1900 K) obtained from study of
the vapor species over the system Al?s(c)-KF(c}—AJ(z‘. Our analysis gives [aSr®{ind law}-aSr*(3rd law}} = -0.224.8 gibbs/mol
and uHr;ss = 28.428.8(?nd law) or 28.8:1(3rd law) kcal/mol. Reducing the third-law &Hr® to absolute zerc and combining with
LA(F) = 78.38 kcal/mol {Zi, we derive EA(A].FZ} s 49,758 keal/mol. The uncertainity of 28 kcal/mol is our estimate of a
reasonable bound for error in sHr®.

Depending on the value used for AHf°(ALF,}, the above reaction yields 8Hf}g (ALF,”) = -231 (3, 23, -¥17 (2} or -%07
(%, 2 keal/mol. In contrast, we derive aHf;gamn{) = -181225 kcal/mol, independent of AHF®(ALF,3, from aHrg X.AP - E* =

127 keal (5} for the reaction ALF (g} + e (g} = Al?,(‘(g) + T(g}. Depending on AHF'(AIFY), this yields EA(ALF,) = 025 (3, 23,
14225 (27 or %225 (4, ) kcal/mol. Petty et al. (5} measured the appearance pozential (AF) and excess translational energy
of AlF,l_ in the dissociative electron-attachment reaction. E¥, the excess vibrarional-translational energy of the products at
threshold, was estimated (8 from the measured translational energy via an approximate empirical correletion. We estimate 225
kecal/mol as an approximate bound for error in E* (8). The resulting AHE'(AH‘?‘) = -181¢%5 kcal/mol is inconsistent with the
two most likely velues (~231 and -217) derived from Alr’z' Bias might exist in either experiment (§, %J. It is conceivable
that Al?z_ is formed (5} in an excited electronic state. Thus far, electronic excitation has been observed (7) in only one
negative molecular ion, Asi‘u“. If it occurs for Al!‘,‘—, then AHf® = -181:75 refers to an excited electronic state. The
electronic energy of this state would be +17600£9000 or 1300025000 cm‘l, based oo the twWo most likely values of M‘{f'(Alf,t").
Such values are not unreasonable, so we cannot rule out electronic excitation (53, We conclude that additional data are needed
to confirm AHE®(ALF,7).
Heat Capacity and Entropy ’

Electronic levels and guantum weights are assumed equal to those of iscelectronic Sii‘z (z, B}; however, see the above
comment on excitedclevels. vibrational frequencies are calculated from the estimated force constants fr = 3.7, = 0.1 and

rr

P N s o * P -
fu/rz = 0.29 mdyn/A. Frequencies and force constants are estimated from simultanecus consideration of A’L"z N Alr,l, A1F2 and

the analogous boron species. We assume that frequency changes are qualitatively similar in the two series Ali‘zt, ALY, AlF,l-
and ND,“, No,, NO,‘“ (2) which have the samé number of valence elsctrons. Furthermope, we expect isoelectronic SiF, (2} to
provide upper-limit frequencies for Alrih‘ Thus, in going from AIFZ to MF,“, we assume litile change in vy and v, but a
significant decrease in Vg
By analogy with BF,‘ (8, 3}, we expect that the odd electron in AlF,‘ occupies a molecular orbital centered mainly oo the
metal opposite the two fluorines. This orbital should be antibonding (8) in the sense that addition of an electron inereases
the bond length but decreases the bond angle and stretching force constant. We assume that the bond length is 0.05 A longer

N : . -3 -39
and the bond angle is 15° smaller than in ALF, {2). The principal moments of inertia are I, = 2.8058x10 "9, Ig = 11.476%10
and Lo = 15.282x107 3% g om?.
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ALuminum DifFLuoriIDE OxiDE (ALFo0) ALF,0
(IpEaL Gas) GFW=80.9777
o Keat/mol
T, °K cp° § G -HmsT H~Has AHP 5GP Log Kp
i} 0. 000 0,000 INFIRNITE -3.424 =264,182 ~264a182 INFINITE
100 104102 560 24% 81904 2572 ~264,479 ~263.T799 576.531
200 13.157 64,285 TL.257 -1.355 ~266.751 ~263.003 287,398
2586 15,150 69,931 69,331 0000 =265.000 ~262.082 192111
300 15.182 70.025 69,531 G.028 -265.003 ~262 . 06% 190.914
%00 16.576 T4,597 10543 1.621 ~265,135 =251.062 1426 638
500 17.493 18,402 Tlel=T 3.327 -265.232 -260.033 113.560
600 18.098 81,648 T3«133 b5a309 ~265,319 -258.985% 94%e 335
100 18.50%9 B& 6T T4u350 £a29&1 ~265.,612 -257.921 80.527
800 18.79¢ BEa.962 75954 8,807 -265.528 ~2564 84S T0a167
i 19004 89,189 T7.303 10.6%7 ~265.683 ~255.750 62,105
1000 19.158 91,199 T80 59% 12.606 ~268.406 =25%, %53 55.611
11d0¢ 19. 276 93,031 79824 14.5238 ~26B455% ~253.951 50.277
1200 19.368 96,712 B0.996 16.46¢0 ~268,702 «251 5638 454329
1300 19.461 96,266 82,111 18,601 —=268.851  =250.206 424063
1400 19,503 97,709 83.:74 202348 ~269.002 ~248.766 38.83%
1500 19,555 9056 84,189 224301 ~26&9a.156 ~26Te318 36.03%
1600 19.60% 186.320 85,158 24,259 ~289.309 ~245.855 33.582
1700 19, bbdn 101,509 86.085 L6221 289,455 ~244a384 3l.418
1800 19.684 102.633 862973 28,187 ~269.623 —242.904 29493
2300 19.723 183.6%48 8T.828 30.158 ~269.783 ~242 %l e 27,769
2000 19. 763 104,711 88,645 32.132 ~26% 4945 ~239.919 264217
2100 19.800 105.676 89433 344,310 ~270.108 ~238.%15% 2ha812
2200 19. 839 106,598 %0193 36.092 ~2T0.2T4 ~236.902 232534
2300 15. 879 107.481 50.925 36.078 ~2T0.439 ~235.379 22366
400 19,919 108.328 91.633 402068 ~270. 607 =233.851 21.295
2500 19. 561 10%.142 92317 42,062 =-2T0.777 ~232.319 204309
2600 20.0062 10%.925 52.973 44,060 ~270,$47 =230e776 19.398
2700 20. 044 110,681 EEPEYHY 46062 ~271.118 ~2296227 18.555
2800 20.0886 111.421 94,243 aB. U069 “340.699 ~226.8463 17.706
2900 20.129 112,116 Yo b4B 504079 =340,609 -2282.777 164769
3000 20. 171 112,799 95,435 52,094 ~340.521 ~218.717 15.934
3100 20.213 113,467 96,006 54,114 =340.431  -214.4658 15,133
3200 204 255 116,104 96501 562137 ~340.382 ~210.802 144383
3300 20,297 114,728 97.102 58.145 ~340.254 ~2064 549 13.679
%00 20,337 115,324 97430 a0.196 —340,167 -202.500 13,017
3500 20.377 115,925 98.14% 62.232  -340.079  -198.451 12.392
3600 20,417 116499 9804 64adT2 =339,991 ~194, %402 1le802
3700 202455 117.059 99,136 66315 =339.905% ~190.382 11.26%
31800 20. 492 117,695 29,615 68363 =339,819 ~186.320 10.71¢
3990 20. 529 1164138 100,083 TUable -339,733 ~182.283 10.215
5300 200 56% 118.658 100.56i T2ab €S ~339.648 ~178.248 F.739
«100 204599 119,188 100.989 T4.527 ~339,56% ~1Fh 2186 9=287
4200 204632 119.663 16%.4238 76,588 ~339,480 ~170.282 8.556
4300 20. 664 120.149 141,857 T78.653 -339,3968 ~1660150 Babdhs
4400 20,695 120.624 102.279% 80.721 =339.317 ~162.121 B8.053
5500 D124 121,090 102,691 B2.792 ~339.238 ~158,098 Ta678
&30 20.752 121.545% 103.9986 84,868 -339,158 ~154.0870 7.320
e T00 20.780 128,092 103.49% 86.942 ~339,084 =150.052 62977
“800 204 806 122,430 103.88% 89.022 -339.0089 166,029 §.669
6900 20.831 122,859  104.267 91.103  ~338.937  -142.006 50334
5000 20,855 123,280 1044663 93,188 ~33E,868 =137.991 e 0032
5100 2B8.877 123,653 10%.0312 95,274 ~336.B02 ~133.975 5.T741
5200 20.898 124.099 105,375 974383 ~338,739 -129.959 Ba462
5300 20.%19 124,497 105.732 9G. 454 =338,680 =125.941 5.193
5400 20.938 124,888 106.083 101,547 ~338.62% ~121.933 e B35
5500 20. 956 125,273 108,429 103,841 ~338.573 -117.920 4.688
5600 20.973 125,651 106.76% 105,738 ~338.528 =113.90¢6 LPLTY-
5700 20. 388 126,022 107,103 107.836 ~33B.586 ~10%.898 4.214%
3800 21.00% 126,387 107.433 109.93% ~338.450 ~10%.884 3.990
5300 21.017 126,746 107,757 112,036 -328,420 -101.878 3775
6000 21.030 127.100 108.976 1144139 =338.396 ~97.868 3,565

Juse 30, 1976

ALUMINUM DIFLUORIDE GXIDE (AlFQO) {IDEAL GAS)} GEW = 80.8777
Boint Group (L, ] GHES = -264.2 & 7 keal/mol ALF20
S3gg.1s = [89.93 = 3] gidds/mol AHfzgs 15 = -%65 & 7 kcal/mol

Electropiec levels and Quantum Weights

.5__;2}_'2 £y em?t B3
78,3 0 121
i3 {10000] (2]
1283 [ 200001 (21
Vibration: quencies ar
@, cm
£8003¢1) [3001(1)
16403(1) [2803(1)
12503(1) £2703¢1)
Bond Distances: Al-F = [1.63]} ;\ A1-0 = [1.72] ;\ o =1[2]

Bond &ngles: F-AL-F = [120°1 F-A1~0 = {120}

Product of the Homents of Inertia: I, I f. = (3.718¢ x 30731"

] g3 cma
Heat of Formation
We adopt HEg,
15.525 keal/mol for the reaction ALF{g) + ALFC(g) = Al{g) + AlF,ID(g/. aHr
by Uy, Srivastava and Farber (2). -They calculated Kp directly from ion intensities observed at 1453-1875 X in a mass-

= -265¢7 kaal/mol and A}ia5 = #37:8 keal/mol based on JANAF auxiliary data (1) combined with AHr,Be =

is from our third-law snalysis of Kp data reported

spectrometric study of vapor species over the system Alf‘g(g)—»\l(z)-alzos {c). Secand-law analysis gives AHr'ZSB = 20.820.8
keal/mol and the difference [45r®{ind lawj-4Sr°{3rd law}} = 3.420.5 gidbbs/mol. Uy et al. (I} asaigned aHr"(Znd law) an overall
uncertainty (including centributions frem T} of 25 kcal/mol.

The adopted nﬂaa = #37 kcal/mol implies that AlFZO is surprisingly stable. Average bond energies from A1F3 (140 kecal/mol)
and AL0, AlO, and Al,0 (v120 kcal/mol} yield an estimate of 4Haj(A1F,0) = 400 keal/mol. If we attridute all of the differenge
to the Al-0 bond, then the Al}‘ZO data imply an Al-0 bond emergy of 157 kcal/mel. This enhancement of 37 kcal/mol ecntrasts
with the near equality of Al-0 bond energies in the oxides {1) and hydroxides (8}. An analogous treatment of ALFO{g) (1)
yields an Al-Q bond energy of 153 kecal/mol, similar to that in Al}'zc. Existing data for BF,[O and BFO imply bond energies of
~166 and ~200 kcal/mol compared with values of ~130 (B-0) and ~190 (B=0) from the oxides. There are obvious differences
berween the Al and B systems which we are unable to raticnalize via existing knowledge of electronic structure. We feel that
confirmation of the oxyflucride data is desirable.

Heat Capacity and Entropy

.
Molecular parameters are all estimated by analogy with EF,[O and BT,[O‘. Two emission bands due to BF,lO or BF,IO were
1

analyzed by Mathews (3). Vibrational analysis of the band with Voo = 17171 cm * gave the three symmetrical stretching modes of

gave structural parameters including the bond length

the lower state. Rotational analysis of the band with v, = 22351 cm
8-0 = 1.4020.05 &. This value indicates a single bond which is longer than those of 1.35, 1.263 and 1.70 A observed for the
various bond types in B 0 BO and BO. It is not known (3) whether the two emission bonds have a common lover state.

Zahradnik and Carsky (H) used semempuucal CNRO ca’culat:um.. to predict the electronic trarsltlonb of BF‘ 0 and BF o* They
favored assignment of the 2%391 cm -1 transition to SFZO and the other transition to either BF o* or BF O.
Due tc the lengthened B-0 bond and the theoretical results, we tentatively attribute both ob.,erved bands to BFIO We

estimate the missing vibrational frequencies of BF, 0‘ and all those of BF 0 and BFZO by comparison with HBF,‘, B!‘3 and ClBFZ.
We assume that addition of an electron causes a 1ar~ge increase in V1 and “5 but a2 smaller inerease in vy and Vg

vibrational frequencies of Al}' 0 are estimated from those of BI‘ G by comparison of A1F3, ALFO, AlO and AL, 0 (1) with the
analogous boron species. Electron;c levels are crude estimates based on calsulations or data for the Zu- valence electron
species BF,0 (&), BF * (5, 8) and NO, (5, 7). Bond angles are sssumed to be 120°. Bond distances are assumed equal to those

3 i 39 z
of ALF, and AL, (1). Principal moments of inertia are 12.025 x 10 38 12,572 % 107%% and z8.588 x 107°% g caf.
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Aruminum DiFruoriDe Oxi1DeE Uniwec. low ALFo07
(Ipear Gas) OGFW=80,9783
keal/mob
&
T, K Cp° 5 ~G -HwalT H-Hme AHE AGP Log Kp
V] —3.3¢4 ~310.842

120

206

298 14,960 68.058 +8.058 0. 000 ~313.000 -308.03¢ 225.T97

300 146,992 4B.151 58,059 D028 -313.013 ~308.006 2244382

400 l6.426 T2.674 88a 656 1.603 ~313.859 ~306.237 167.320

500 17.372 EL XTI 69.855 3.29¢ ~314.266 -304,311 133,014

600 18,004 79,675 T1.229 5.067 ~314.861  -302.265  110.100

706 1B 43 B2.485 T2.641 5089) ~315. 458 ~308.117 93,701

800 18,735 B4.967 T4,030 8758 =316:078 -297.885% 81.378

Iud 1B.95« 47.187 75.370 10.623 -316.735 ~295,571 F1.775
1000 1% 11¢ 89,193 Téab5% 12.529 “319.960 —293.000 64,035
1too 19,240 91.021 T7.878 l4.457 =320 .8609 =290.274 57.5672
1200 19.338 92,8693 79046 160386 ~323.256 ~28T. 486 52,358
1300 19,612 G4, 250 80,155 18.323 =321 .905 -284%,645 47.853
14900 19.473 98,691 931.214 20,268 =32245%8 ~281.755 43,984
1500 19.523° 97,036  82.224 22,218 -323.208  -~278.818 40,624
le00 19.564 $8.297 83.190 FATS S ¥ =323 863 ~275. 837 37.678
1700 19.598 9G4RS Abull4e £6e330 ~326,.519 =272,814 35,0173
1400 19.627 T00.806 84,999 Z8.0%1 ~325.180 -268.T5% 32,753
L900 19,657 101,667 85,849 30.055 ~325:9843 =268.5658 384473
2000 19.673  102.876 86,685 32.922 -326.510  -263.526 28.797
2100 19,65} 103.636 874451 33.990 =-327.179 ~260,361 27.098
2208 19, 707 104,552 88,207 35,960 -~327.8%4 -25T.164% 25547
2300 19,720 105.429 88,937 37.931 ~328.531 -253.933 29.12%
2400 19,733 106268 8.642 39.904 -329.213 -250.67% 22,827
2500 19.743 107.07% 90.323 41.877 -329.90% -247.392 21.62T
26090 19,752 107,869 9G.982 34852 ~330.5%0 ~2445,075 20.516
270¢ 19.782 108,594 93,620 45.828 =331.286 ~260.733 19.886
48UQ 19,769 109,312 92az40 47,805 -4{03 392 -238.539 1Be4063
2900 19. 776 114,007 GZ. 84] 49,762 =601 .833 ~230.643 17.382
3000 19.782 110.678 93,424 51.7¢0 ~432.278 ~226.734 l6.372
3100 19,788 111.32¢ $3.991 53.738 ~&402.725 -218,807 15.426
3200 19.793 111.955 V4543 55.717 -%603.178 ~212.867 14,534
3300 19.7986 112564 95040 374697 ~403.63% ~206,913 L3.7¢3
3400 19.802 113,155 55,003 54,677 ~404.036 ~200.967 12.917
3500 19.80¢ 113,729 96113 bL.8657 BRI IT-T39 —194.96% 12474
3508 19. 809 114.287 964610 $3.628 ~43%.028 ~188.964 11.472
31700 19.873 14,430 97.095 65,619 ~405. 501 ~182.959 10.807
3800 19. 81¢& 11%.358 97.569 &7¥.601 ~405.978 =176,937 18.178
3900 19.819  115.877 98,031 59.562  -406.458  -170.905 9.577
300 19.827 1164375 GB. %06 Tia564 ~&0&2942 ~164.,859 9007
4100 19.82¢4 116.86% 952 T73.548 ~40Ta632 -1%8.803 8e465
4200 19,826 117,342 99,353 T5.529 ~e37. G926 ~152.732 Ta947
4300 19.828 117,868 99,742 TTe532 ~408.420 ~146 647 Teh53
LH00 19.830 j18.264 100.197 FT9.655 ~608.G21 ~1460,554 62981
4500 19,832 JRN: P 2T 100. 604 81.478 ~409,426 ~134,450 6530
$600 19,833 119, 148 B3.4¢1 ~409.934 -1 28.331 6097
%700 19,835 119,572 B5.444 ~%104 450 ~-122.,209 5.683
4800 19.837 119,950 B7.428 ~413.968 ~116.0869 5.285
300 1%.838 120399 152 89512 =411 .490 ~109.917 42903
5009 19 839 12C. 800 102.523 91,395 -61£.-018 =103.759 4.535
5100 19,842 121.193 102.883 93,379 -4%120552 ~97.589 bal82
5200 19. 842 123.578 103,239 95,364 ~413.0%¢ -9% 408 3.842
5300 19.8¢3 121,958 103.538 97.388 ~413.635 ~85,214 3514
5«00 19, B4s 122,327 103,912 954322 =414 185 79,017 3,198
5509 19.84% 122651 104270 191,317 ~&l4.T40 ~72.804 £.8%3
5600 19.84¢ 123,049 104602 133.301 -%15.303 ~66. 560 22598
5700 19. 847 123,400 104,923 185.286 ~415.872 ~60.350 2.314%
5800 19,848 123,745 105.250 107,271 =616s%47 ~54,104 2.039
5900 19,848 124,084 105,586 109,255  —417.031 ~47.856 1.773
5300 19.849 124.418 10%5.878 111.240 417620 ~&1.592 1.515

June 30, 1976

ALUMINUM DIFLUORIDE OXIDE UNINEGATIVE ION (Alrzo_) {IDEAL GAS) GFW = 80,9783

Point Group {C,,1 SHEG = ~310.5 = 25 keal/mol ALF, ¢-
. . ; . _ . 95
5295_15 = {68.06 ¢ 3) gibbs/mol st’{QB.IS s -313 ¢ 25 kecal/mol
Ground State Quantum Weight = [1]
Vibrational Freguencies and Degeneracies
©, on w, em”
[ 9503{1} {3003(1)
[6503(1} £2703(1)
[2603¢1} [3001(1)
Bond Distances: Al-F = [1.831 A Al-0 = [1.681 A o = {2}
Bond Angles: F-Al-F = [120%] F-AL-C = [120°1
Product of the Moments of Inertia: T,I.I. = [3.us7u x 107*3 g% en®

Heat of Formation

We adopt qu;% = -313225 kcal/mol which corresponds to the electron affinity EA(AIF,0) = 4625 kecal/mol (2.021.1 eV) and

the fluoride-ion affinity IA(ALFO} = 11% keal/mol. 2HE® is derived from Kp for reaction A {see below) observed by Farber

et al. (1} with a mass spectrometer operating in both positive- and negative-ion modes. Farber et al. (1) used s molecular-

flow-effusion technique to study vapor species in the systems KI‘(E)AAIFg(g)-Al,IO:!(C), KF(g)~AlF3(g)-Al(t)—Al,£03(c‘;, and KC1(g)-

AlFa(g)—Al,‘Os(c). They considered the resulte to be limiting values; we presume this is due to very low intensities of Al}‘,zo'.
The three reactions reported by Farber et al. are analyzed below using JANAF auxiliary data {2}. We give ipequalities

consistent with the authors' limiting values. Reactions B and C yield less stringent limits and are not used. Reaction A

involves Alf,; which depends on cur possibly biased value (23} of AHf'(ALY,{'}. Use of the alternative aHf® (2} based on

mass spectrometry (1, 3} reduces the discrepancy between reactions A and C from 35 to 21 keal/mol. This may not be significant

if B and C yield only limiting values. The alternative result from A& would yield EA(AJFZO) * B1 ang IA{AlF0) = 127 keal/mol.

AHI‘,: SHE

R i No. of Range 96 98
Reaction Points TIK keal/mol keal/mol
A} ALFO(g} + ALF,”(g) = ALF,07(g) + AIF(g} 1 1793 >-21.1 >-313.6% or >-327.8%
B) ALF,0(g) + F7(g) = AIF,07(g) * Fig) 1 1783 0.1 >-344.8
C) ALF,0(g} *+ C17(g) = ALF,0(g) * C1(gd 2z 1653-17¢3 20.8 >-363.1
Apssuming aﬂr;ga (AJF,;) = -217 or ~231.%2 kcal/mol depending on choice of AHf'(AlF,I) @3,

Heat Capacity and Entropy
All molecular pavameters are estimated via data for B}‘,IO(' {or Brzo) as discussed on the table for AJFYO(g) (2. We assume
a C’Lv structure with equal bond angles. Formation of the negative ion is assumed to decrease the Al-C bond distance by 0.06 A
but leave the Al-F distance unchanged. By analegy with 11.11’3 (2} we assume a singlet electronic ground state and neglect
excited states. Formation of the negative ion is assumed to cause a significant increase in vy Vg, and vg. The principal
moments of inertia are 11.471 x 1073°, 12,572 x 107°% and zv.083 x 107%% g em?.
References
1. M. Farber, R. D. Srivastava and 0. M. Uy, Rept. AD-731303 (avail. NTIS), 50 pp. (1871}.
2. JANAF Thermochemical Tables: Al?zh(g), Alf‘z(g), AIE‘,‘D(z) 8-30-76; ALFO(g) 12-31-75; ALF(g} 6-30-75; AlFa(g} §-30-70;
Clig} 8-30-72; C1 (g} 6~30-85; F (g} 17-31-71; F(g} 9-30-85.
3. 0. M. Uy, T. D, Srivastava and M. Fapber, High Temp. Sci. ¥, z¥7 {1872).
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TETRAFLUOROALUMINATE Uninec. Ton (ALF,;7) ALFy
(Ipgar Gas) GF¥=102.9757
T,K Ccp° §°  —~(G~Hme)T H-Hne AHE AGF Leg Kp
<] ~%. 058 ~4T3u26%
100
200
298 19.63¢ 70.419 78.419% Y. 000 -6 76 .000 ~hb4 2601 340.562
300 19,684 TQa543 TQaki G038 —4T6.012 —%b%4s531 33Bs410
430 21,719 TEe.507 Tle.219 2.11% =%T&.5469 ~&b60.615 251.668
500 22.950 8Y.497 T2.750 44354 ~%77.072 56570 199.567
a30 23,124 85.755 Té. 604 6690 ~677.55%6 =452 424 164,795
Foo 24,232 BG.652 TEas67 9090 ~&T78.039 ~%4B8,135 139,933
880 240580 %2712 T8.29d 11531 o THe bk ~%43,900 121.268
900 R%. 828 95.5822 8l. 064 L 002 ~679.084 439,537 106,734
1080 25.010 Ba248 81la753 16.495 -482.19% ~% 3% » TG 95,054
1100 25,147 100.638 B2.303 19.003 ~482.723 ~%30.179 85.469
« 230 25,252 102.831 B4.895 21:523 ~LB3,252 ~42%5377 TTat¥2
1380 25, 337 104.8%8 Bés354 24.0%3 =483.783 420532 T0.698
1600 25. 403 106736 BTaTo% 26.593 ~4Bb 316 ~&315.8406 6%.885
1500 25458 108s491 8%,06% 29133 —484.851 -410a.722 59. 842
1500 25.502 110123 90335 31.5681 ~485.288 -4&05, Tob 55.425
1700 25,539 1% 1.682 9la545 344222 ~4B5,928 4000769 51.522
1300 2%5.57Y 113,142 92.705 36,789 =aBH.471 ~395.747 48050
1299 25.597 118,526 93,817 39.347 ~48T.017 ~350,651 4%, 940
2000 25.620 115,848 D4, Bdb 41.908 ~68T . 566 ~385.606 42,137
2100 25.839 117.090 95.914 EXTE NS ~-588.118 -380.497 39.599
2200 25+ 657 118.284 Y& 9046 “«7.036 ~%B8. 675 ~375.360 37.289
2300 25.67% 116,424 QT.538 49,502 ~489.234 -378.193 35.176
2600 25.68% 120,517 98,780 524170 ~489,798 =365.006 33,238
2500 25.69% 12,568 95.07G 59,739 ~490.367 ~359.798 3la%56
2630 25. 706 1224574 100.532 572309 ~4%0.338 ~354, 561 29: 804
2700 25,735 123.54% 102068 59.880 -4691.513 ~249.305 28.274
2800 25. 724 124,680 102.17% aZa452 ~561 6500 ~363,159 26.788
2900 2% 13Y 125,383 102960 £5.02% ~5562,822 =335.394 25.276
3900 25.7328 12¢.255 103.722 67598 ~562.149 =327.58¢ 23.865
3300 25, T84 127.099 104,463 70,172 ~562.476 =-319.760 22.543
3230 25,749 127.918 165,183 72.747 ~562.809 ~311.926 21303
2300 254754 T28.709 105,684 T9.322 ~563.146 ~304.079 20.138
3400 25. 159 129,478 10¢&.507 77.898 ~563, 467 ~296.225 19.042
3500 25763 1204225 107,132 BOeh T4 ~563.833 -288.356 18.006
3600 25.T67 120.950 107,381 23.0%0 ~544,181 ~280.47¢ 17.027
3700 2%5.7170 13,656 I02.51% B5.627 ~564.535 =272.5%% 162101
38090 25. 774 132364 10%.132 B8.205 554,893 -264,697 15.22¢
3900 25.717 133,013 109.728 .T782 ~565.257 ~256.79¢ 14,390
«000 25.719 133.666 110326 930360 ~56%5,623 ~248.880 13.598
«.00 25.782 134.302 110,503 95.928 ~565.99% -240.961 124844
4200 25,784 134.92¢ 1 98e516 ~566.373 —-233.026 12.126
£300 25.787 13%5.530 11 10L.095% ~566.753 ~225.082 11.440
b do 25.789 136,322 172,561 103674 ~56T7 141 =2172131 10,785
4500 25,791 Y36, 102 113,091 106252 ~5467.533 -20%9.176 10.159
“£5J0 25.792 37270 12,611 103.832 ~8567.923 -201.206 Q559
« 700 25, 794 137.824 1140129 11l.411 ~568.333 -193.234 8.985
«800 25.79¢6 138.363 114.4619 113.960 =548.741 ~185,245 Bab36
4500 25,797 138.899 115,10 1162570 ~569.155 =177e246 Ta906
5000 25,199 139,421 11559 119.150 ~569.575 =169 .248 7.398
5200 25.800 139,932 116.003 121730 ~570. 002 ~16la.2%2 6s 910
5200 25,801 140,633 116,527 1240310 ~570.436 ~153.217 62440
5309 25802 140,924 116,382 1260890 ~570. 877 -145,188 5.987
5400 252806 161,406 117,430 1296470 ~5Tle22% -137.15%9 5.551
5500 25.80% 141.880 117.870 i32.0%1 ~571. 780 ~129.114 $.130
5000 25. 806 1426365 1% Ae 303 134631 ~5F2e265 ~12L.056 4a 124
5700 25,807 162,802 118.729 137.212 =572.T%6 -1312.996 4,333
5800 25,808 143.250 119,148 139793 ~573.195 -104.925 3a954
5900 25,808 143,692 17 9.550 142373 ~573.685 ~96 853 3.599
EBRDY 25,809 146,125 179.%08 164,954 ~5F4,.182 —BB,T766 3,233

June 30, 1976

TETRAFLUCRCALUMINATE UNINEGATIVE ION (Alfu_) {IDEAL GAS) GFW = 102.5757
Point Group Ty 8HEY = ~473.3 & 25 keal/mol ALFy -
M = 70 + i if® = & o 3
S3ag,15 ° 70.82 % 0.5 gibbs/mol 8HfSgg g = =478 2 25 kcal/mol

Ground State Quantum Weight = [13

Vibrational Frecuencies and Degeneracies
1

@ o w em
522(1) 760(3)
210¢2) 322(3)

°
Bond Distance: AL-F = 1.69 A

Sond Angle: F-Al-F = 108.4712° o =12
Product of the Momeats of Tnertia: LIl = 1.3869 x 1077 g% cn®
Heat of rmation
We adopt sHf]g, © -476225 keal/mol which corresponds ta the fluoride-ion affinity IA(ALF;) = 125225 keal/mol for ALF,™(g) =

ALF (g) + T7(g). oHE® is a compromise based mainly on Kp data (7 points, 1130-1485 K) for the reaction 2 AlF (g} * A1F2‘(g) =
2 ALF(g) + AlFu—(g). Kp data were measured by Srivastava et al. (1) with a mass spectrometer operating in both positive- and
negative-ion modes. The authors used a molecular-flow-effusion technique to react vapoers from ALFC{ and Ksﬁl}'8 or XF with

AL{%). Analysis with JANAF auxiliary data (2) yields Al{r;ne(az‘d law} = -38.222.7 and ui{r;sa(an law) = -33.925.3 kcal/mel
with [uSr°(2nd law)-aSr®(3rd law)] = -3.324.8 gibbs/mol. The third-law alr® yields AHfgga(Alfu_) = «u60.u=25 or -502.4xl4
kcal/mol, depending on the choice of AHf;BB(AlFZ} = -166210 (2) or -18025 kcal/mol (2, 3).

The difference of 1k kcal/mol in qu'(AlFQ) causes a three-fold change (%2 kcal/mol) in AHf'(AlF“") and increases the
fluoride-ion affinity IA(AlFa) from 10925 to 151215 kcal/mol. The latter value seems rather large in comparison to related
species (2, 13: <11Z or <l27{CAlF), 92 or 105 (AlF), <101 (EFS)’ <32 (CGBF) and 98 or 103 (BF).

By combining published dats for NaAlE‘u(g) with a coulomb-energy calculation, Holm (4) estimated IA(AIFQ) = 131 kcal/mol.
This pesult has an unknown bias due to limitations of the calculational model and auxiliary data. Refined lattice energy
calculations (5) yield halide-ion affinities IA = 8727 (AlCla) and 8Q0s7 (AlBrs) keal/mol. AHf'(BFH‘) = -421 keal/mol (8)
derived from lattice energy ylelds IA(BFT,) = 30 compared to <101 kecal/mol from mass spectrometry. Comparison of stretching
force constants (2, 7, 8) with average bond energies in A].X3 and Alxu' suggests a slight, but not definitive, preference for

IA(A1F3) = 103 kcal/mol. As a compromise, we adopt IA(AiE‘a) = 125225 and AHfzgsmlfu") = -47622% keal/mol.

Heat Capacity and Entropy
Vibraticonal frequencies are from Raman spectra of Al?u' cbserved in molten salt mixtures of Al!'3 with NaF or XF (8).

Similar spectra were cbserved in mixtures of A1Y3 with LiF (8). The spectra (B) are consistent with Td symmetry except for som
asymmetry in vy which was attributed to influence of the metal ion. By analogy with SiF, (2}, we assume a singlet electronic
pround state and neglect excited states. The bond distance is that derived from high-temperature electron diffraction (1€}
uncertainty, the AlF, grouping was found to be tetrahedral (Z, 107. 'The principal moment

=

of NaAlF, (g). Within experiment

of imertia is 2u.026 x 107°°

g em’.
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Arumrinum Momoxipe (ALD) ArLgQ
(IpeEar 6as) GFN=42.9809
T.°K cp $ ~(GO-Hma)T —Horse &HE AGP Leg Kp
&) 000 <000 INFEINITE 2.100 t6.431 l6.63] INFINITE
1o &8.4957 LR 58,913 1a60% 16.673 a8l -~ 31,606
280 7.052 49,297 52.832 «T07 164581 12.258 -~ 13.395
298 7.381 22,169 52,169 + 020 16.400 10.169 - T.454
300 7.388 52,214 524169 <016 15,2396 16.130 ~ 7,380
%00 765 54,392 524453 2172 16,2030 B.072 - 4o 4l
590 8.066 56,159 53,031 1.564 15.996 6.063 -  2.650
600 8.290 5¥.651 $3.680 2.382 15.777 4,097 - L.492
700 B.460 598.942 54,341 3.220 15.541 2.169 - w6717
800 8.804 60,081 54,989 44074 15.279 w276 — -075
900 8,743 6l.l02 55.613 4941 14,977 - 1.582 .384
1000 B.B92 62,031 56,209 5,823 12.142 - d.220 2704
1100 F.057 62.388 56,7717 6,720 11831 - 4. T40 2942
1200 .24 63,682 57. 320 To63% L1563 - 6235 1.i36
1300 Fedel b4 4630 57.838 8.568 11.3310 - T.708 L.296
1400 G650 85,137 58,335 G.523 1.073 - S.161 1.430
1500 G563 65,819 58,811 104699 10.85% - 10.600 la54s
1600 10.073 65,453 59.268 11.495 10.654 - 12.023 d.642
1700 10.27% 67.070 59.703 12,513 10,471 - 13.43% 1,727
1800 10,463 67,663 60,135 13,550 10.306 - 14835 1.801
1900 10.633 68.233 650. 540 14,605 10.15% - 16,228 1.867
2000 10.783 &68.782 50, 94% 15.676 10,016 - 17814 1.92
2100 10.913 69,312 614330 16,761 9,890 - 18.993 1.977
2200 ti.022 69,822 &1.70% 17.858 9,772 = 204386 2,023
2300 ii.k1€ 10,314 62.085 18,964 Fe562 ~ 21,731 2.G65
2400 1i.178 70,788 62,422 20.079 9.557 - 23.0%93 2.103
2500 1l.229 Tl.2%0 62. Tb0 20,200 9455 = 24.454 2.138
2600 11.264 71,687 $3.100 22.32¢ 9354 - 25.807 2.169
2700 11,284 72,112 63,426 23,452 9.254 = a7.159 2.198
2800 11.293 Tz.523 83.74% 24,581 = 60.258 ~ 27.67% 2.160
2900 110291 72,919 64.053 25,710 = £0.100 =~ 26.515 1.996
3000 11.280 73,304 644355 26,839 " 59.94%% ~ 2%.358 “Le 847
3100 11.263 73.671 540 650 27.966 - 59,793 -~ 24.207 1.707
3200 11.239 T4.028 B4.937 2%9.09% =~ 59.646 - 23.061 1.575
3300 11,212 74376 65.218 30,214~ 59,503 - 21.920 1,452
3400 11182 74,708 65,492 31.333 - 5§9.367 - 20.786 1,336
32500 li.149 15.032 65,760 32.450 ~- $9.234 - 19.8654 l.227
3600 1l1e1i5 15,345 £6.022 33.563 - 59,108 ~ 18.5%21 lel24
A700 1i.081 75.650 64.218 34,673 - 58.987 - 17.387 l.028
3800 L1067 75.945 66,529 35,779 - 58.872 - 16.274 936
3900 11.014 76,231 66, 774 36,882 - 58.761 - 15.154 .849
4000 10.%82 76,510 67,014 37.982 - 58.657 - 14.039 2767
4100 10,552 T6.78C &7.249 39.079 - 58,558 - 12.926 <5689
4200 10.923 TT.044 67,679 40.173 - 58.463 - 11.813 <615
4300 10.897 TT.301 67,704 4l.26% - 58.374 - 10.702 STy
4400 104873 77.5%1 67,4925 42.352 - 5B8.289 - 3.593 2477
4500 10.852 T7.79% 680 142 %3.438 -~ 58.209 - 8.489 P '3
4600 10,334 78,033 684354 44,523 - 58.132 -  7.382 351
@700 10.41E 78. 266 684563 45,605 -~ 58.062 - b.285 <892
%800 10.805 180494 58,767 46,686~ 57.994 ~  5.183 .236
2900 10.795 78.71% 68,968 47,766 - 57,930 - %081 .82
5000 10.788 TB.23% 6% 165 48,845 - 57.870 - 2.98% 130
5100 10.784 79,148 69,359 49.924 - 57.814 - l.s8s 081
5200 10.783 79.357 5% 549 51.002 - 57.71862 - «793 033
5300 10. 784 79,563 69. 736 52.081 -~ 57,713 -305 - 013
5400 10.789 9. 764 59,920 53.159 - 57.667 1.39% = <057
5500 16.79% 79,962 70,101 54,239~ 57.825 2.490 - 099
5600 18.808 83,157 70.279 55.319 = 57.5387 2. 584 — «140
5700 10.819 30.368 70.454 56,400 - 57.951 ETE- XA o179
5800 10.934 80,537 70,626 57,483 -~ 57.519 5.769 - .217
5900 10.852 80.722 70. 796 58,567 - 57.491 baB60 -~ «254
6000 10.872 80,905 10.962 59.653 = 57868 T.951 - « 2950
Dec. 31, 1860; Sept. 30, 1961; March 21, 1962

Sept. 30,

1985; June 230, 1870;

June 30, 1975

ALUMINUM HONOXIDE (ALD) (IDEAL GAS) G¥W = 42,9803

Symmetry Number < 1 SHEY = 16.43 = 2 keal/mol ALO
3298.15 = 52.169 « (.02 gibbs/mol “”fzss 15 * 16.% & 2 kcal/mol
Electronic and Molecular Constants

Source State g, Tl g r, A B omt g, en @, ent wx  omt
(@8] x‘z* .0 2 1.6178 £.64136 C.0058 979,23 6,37
2, 3 alni §282. L3 1.763 0.5364 {¢.00%) 726.5 4,15
(13 5271* 20635.2 2 1,8670 C. 60108 C.00Hu7 870.0% 3.52

c2r 330%0. « 1,668 0,50 0.00 856.5 6.1
u}:‘ {302001 4 [1.724]1 [0.5851 {0.004) [8203 £5.01
u[\ £31600] 8 [1.7241 [9Q.5651 {0.004) [8201 [s.01
i 33000 4 £1.724] [0.565] [0.0041) {8201 [5.01
ZA [38700) ke €1.7241 [0.565) £c.oou} r8z03 {5.01
ZX_ (348001 2 1.724F {0.565) {0.004)] 18203 £5.01
DZ:‘J‘ HOLE? 2 1.7234 0.56522 0.00486 817.5 5.8
£%i 5260 1880 0,860 [0.0081 (5501 [s.01
th* wT19¢ 2 1.812 0.5118 {0.004] {850} (5.0}
Heat of Formation

We adopt D('} = 12022 kecal/mol and 8HEZqy = 16,427 kcal/mol as a compromise between the larger value of DG = 121.8el
keal/mol proposed by Dagdigian, Cruse and Zare (2} and the somewhat smaller mags-spectrometric values (8-11) summarized delow.
Dagdigian et al. (7) interpreted laser-induced fluorescence to derive the lower limits DS 2120.8 or 121.8 kcal/mol. According
to Dagdigian et al. (7), Drowart derived an upper limit of Da 2 122.120.8 kcal/mol by reinterpreting the absorption edges
observed by Tyte (12). These had previously been attributed to predissociation in the E-state of the A+L system (33, leading
o DS £ 119.9 keal/mol. We lack sufficient information to judge the reinterpretation leading to DB € 122.1%0.86 kecal/mol (7).
Interpretation depends on the shape of the potential enmergy curve of Ezai, which Drowart considers to be nearly herizontal
(7). Theoretical predictions (M) for the E-state yield a double minimum which msy net occur in actuality.

Other reported values of Da were summarized by Dagdigian et al. (7). Several flame-photometric values may be dismissed
for reasons cited by Frank and Xrauss (13). Their recent data gave D(") values ranging from 115.4 to 118.2 keal/mol, depending
on the reaction considered (13).

Source Method Reaction®  Range No. of osP 2850/ (keal/mol) PRI
/% Points  gibbs/mol Snarggs ool 14 5./mol
(8} Hildenbrand (1373) Mass spec. A 2210~224C 3 -7:30 ~14267 Q.11 18.5:3 117.8
B 1985-2117 1¢ C.421.6 5.7:3.2 4,82Q,4 17.823 118.6
£9) Farber {1972} Mass Spec. C 2270 1 - ——— 26.5 11.8#8 124.8
Mass Spec, D 18432083 7 L1824 -89 -121,121.% 16.423 119.9
(10)Burns (1866} Mass Spec. D 2327 1 ——— ---  =117.1 ZD.5%¢%  115.9
{13)Drowart (1960} Mass Spec. D 2186-2514 15¢ ~3.2£2.2 ~122%5 -11%.621,.9 22,97 113.%
Mass Spec. D 2036.2ub6 15 0.N23.1 -11527 -116.0:2.6 21.5+7 11k.8
“Reactions: A) Al(g)e0,(g)=al0lg)+0{g); B) AL(g)+SO(g)=A10(g)+S(g); © AL(g)+VO(g)=AL0(g)*V(g); D) Al(g)+0(g)=A10(g).
§5=48r°(2nd law) ~ aSr°(3rd law). “Two points rejected.
Heat Capacity and Entropy

Electronic levels (Toc) and vibrational-rotaticnal constants of the observed states are from recent studies (2~5) which
supplement or revise the values of Rosen (1). Schamps (%) made extensive predictions of the unobserved levels of ALO and MgO.
We adopt these estimates since additional data for MgO (B) and the F state of ALD (2) confirm that they are reasonably accurate.
Estimated molecular constants are derived from isoconfigurational levels whenever possible. We omit levels predicted to lie
above 40000 e since they will have a negligible effect. The tncrmodynamlc functions are calculated using first-order
anharmonic corrections to Q and Q‘ in the partition function Q= Q E Q Q g3 exp(- czsi/’[‘).
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ALumiwum Moroxipe UniposiTive low (ALO™) Aco”
(Ipeac Gas) GFW=42.9804
t"‘ K Ll ']
T, K o §  G-HmaT  H~Hoams s AGF LogKp
o
100
200
298 219 55177 55,177 «000 237.70G 229.085 ~ 167.924
300 7927 554226 55,177 <015 237,706 229.031 ~ 166,849
“0Q 8.290 57.560 55,453 827 238,061 226.08T - 123.5%28
500 H.549 53,439 56.100 1.669 238,406 223.0%3 -~ 97,496
60U B.743 61.01% 56.7%2 2.534 238.729 219.952 -~ 80.117
700 8.892 b2 375 5T.4946 3.416 239.033 216,798 - 6T7.687
8006 407 64,570 58.181 4,312 239.310 213,602 = 58,353
900 9.095 b4,6836 58,840 5.217 239.%43 210.375 - 51.086
1000 Feio6l 65.598 59,464 64130 237.206 207.307 -~ 45.307
1100 9.211 b6, 4T 60,066 T.0D469 237.444 2044305 - «0.592
1200 9.248 67,271 50,8635 F.972 237.680 20i.281 -~ 36.658
1300 9.276 68.0LR Gil.174% 8.898 2318186 198.2389 ~ 33.327
1400 9,297 63,7086 &1a687 9.827 238151 195,178 -~ 30469
1502 9313 6%, 348 62,177 10,757 238386 192,400 - 27,989
1600 9.32% £9.950 62,644 Li.689 238.8615 189.006 =~ 25.817
L7000 9,335 T0.5186 63,091 12,4622 238.84% 185.899 -  23.899
1800 9,343 T1.049 53,518 13.558 239.073 182.779 - 22.192
1500 9350 The%55 63.928 la, 491 233,298 179.5645 =~ 20.66%
2000 9.3586 72.034 64,321 15.426 239.521 176,499 - 19,287
2100 9.363 ¥2.491 &4, TQO 16.362 239.742 173.341 -  18.040
2200 G369 FL.927 65.06% 17.299 235,961 170.174 -~ 16.905
2300 9,376 73,3413 b5 41n 18.23¢6 240,179 166,999 -~ 15.889
2400 9,384 T3.743 H65. 753 19.17% 2613. 394 163.814 - 16.917
2500 9.392 Thal2b 56,081 20.113 240.607 160616 —~ 14,041
2600 9.6 BO Th. 694 66,397 21.052 240.8L 7 157.%2 - 13.232
270G 9409 74,869 bb. T04 21.993 241.027 5%, 099 - 1Z.432
2800 B.419 75,192 &7.001 22.934 171.825 151800 ~ 11.849
2900 9.429 75.%22 67,289 23.816 172.293 121.087 -~  1}.336
oo D440 75. 842 BT 5969 24,820 172. 760 150.35¢ -  10.953
si00 9.452 T6. 152 67,861 25,764 173%.225 14%.595 ~  10.546
3200 Fe w63 T6. %52 68,105 26.7L0 173,690 148.825 - 10.i64
3300 Feald V6. Tas 68,363 27.657 174,154 148,041 - 9,804
3400 9.488 Tr.027 684613 28.605 174,615 147.241 -~ LTS
3500 9.5%1 TT.302 68,858 29.55% 175.078 146.428 ~ 9,863
EX N Q.514 T1.570 59.096 30. 506 175,538 1%45.6086 -~ B.840
3700 G.527 77.831 69.328 31,458 17%.998 146,767 - B.551
3300 Febel 73.08% 69,556 32,411 176.457 143.917 - 8.217
3900 9. 554 78.333 &9.777 33.366 L7616 143.056 - 8.0L7
&C00 D968 T3.575 £9,99% 34.322 177.372 142,179 - 7.768
4$1G0 G582 T8.811 70.207 35.279 177.829 141.292 -~ 7.532
%200 F.596 T9.042 70.4la 36.238 178.287 140,398 - 1.308
4300 G609 19.268 TO.617 37.19% 178,742 138,491 - T.050
4400 Fo 623 T9.489 70.817 38.160 179,197 138.57% - b.B83
4500 96317 79 708 Ti.002 39.:123 179.65Q 137,845 - &, 885
4600 . 650 T9.918 Tha203 40.088 180.104 136,709 - 495
4700 9. 6b4a 83.125 Tia391 41,063 180,554 135.75%6 -~ 6.313
4300 9.677 80.329 TL.575 42.020 181.085 134,799 -~ b.138
4900 9,091 802529 T1.755 42,969 181.455 133,835 -~ 5.96%
5200 9. 104 ab. 725 T1.933 43.95% 181,901 132,855 - 5.807
5100 9.717 83.917 72.107 44,930 182.347 i31.872 - Se651
5200 9. 730 81.1086 T2.278 %5.902 182. 730 130.875 - 5.501
5300 9,763 81.291 Tl htd 44 876 183.231 129.874 - 5. 355
5430 2.756 81,473 T2:.612 47,851 183.6T1 128,864 ~ 5,215
5500 768 B8l.653 F2.77% 48,827 134,105 127.842 -~ 5.080
$6C0 9.781% 8l.829 72,935 49, Bua 184.538 126,817 ~ Lo SuS
5700 9793 #2.002 73.093 50. 7683 18%.968 125.780 - 4.823
5800 9.805 82.172 T3.268 Hi.T63 185.3%4 1244701 - 4. U0
5900 9817 B2, 340 T3.400 52.T4% 185,816 123,692 -~ 4582
6000 9.829 B2.505 73.551 $3.726 186,233 122.636 ~ o k6T

June 30, 1968; June 30, 1870; June 30, 197§

ALUMINUM MONOXIDE UNIPOSITIVE LICN (AlO*)

(IDEAL GAS) GEW = u2.9804
Symmetry Number = 1 JHIG = 235.2:5 keal/mol Aot
Sgg. 15 - [55.2:3) gibbs/mol SHESg, 1o = 237.725 keal/mod
Electropic Levels and Molecular Comstants
State N em™t £ _r;Q_‘___é B, ent @ @, . om e¥ea en?
to} 6  f1.821  [0.50661  [0.00u) [710] 4%

120001 2 11.821  10.50661]  [0.004] 1710) [ul

13003 1 [1.703  10.5806)  [0.005] {820} (53]

112000] 3 £1.703  [0.5806)  [0.008] 870} 3]

{20000] 1 £1.703  [0.5808)  [0.008] 8701 [£3]

gze

Heet of Formation

AHfs is calculated from that of AlC (1) using Hildenbrand's appearance potential (2) of 9.5320,15 eV (219.8:2.5 keal/mol),
assuming that it is identical with the icnization potential for ALC(g) - Aloé(g) + 2 (g). Other reported values for the
appearance potential include 9.5:0.3 (3), 3.5:1 and 1021 eV (4). These values are consistent with, but less precise than,
the adopted value.

Heat Capacity and Enirop

HNo spectroscopic data have been observed for 210" but Schamps (5) recently predicted electronic levels and molecular
constants from variational calculations with semiempirical estimates of correlation energy differences. Similar calculations
were reasonably accurate for Mg0 (§). The predictions for 210" vield almost equal enargies for 311 and 1}1‘; thus they do not
distinquish which is the ground state. A10" is isoelectronic with MgO and AIN. Mgd has a 12* ground state with the low-
lying *1 level at 2600 em™} (5, 1). Triplet-tripile: bands are observed for AIN (7, 8) and it is quite likely that the lower
3(1 level is the ground state {8). We conclude for a10% that ¥ is very low lying and probably the ground state; it wilil
dominate the electronic partition function.
~ The adopted electronic levels are minor modifications of the predictions of Schamps (§). Molecular constants of the
1 state are estimated to be intermediate between those of Mgl (1) and AIN (7). The To adopted for 351 is 0.1 A longer than
that of AJZO (1). Values of T, adeopted for A10" are also longer than those of their T and ¥ counterparts in A0 (1). Values
of w, are based on force-constant comparisons. Other constants are based on ccmparisens with the observed and calcuiated
values for Hg0 (1, ).

The low-lying electronic levels cause an entropy uncertainty of perhaps 3 gibbs/mol at 298 K but <1 gibbs/mol at T >2000 K
Uncertainty in the entbalpy is large (perhaps 4 kcal/mol)} at high temperature. The enthalpy at absolute zero is -2.172
keal/mol. The tihniz:‘modynamic functiong are calculated using first-order anharmonic corrections to Qi and Qi in the partition
function Q:Qtfqrqvgi exp(—c?ci/’i‘).

"IV 13 3SVHD
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ALuminum MonoxipE UNINesaTIVE loN (ALOT) ALO”
(IpEaL Gas) GFW=42.9814
keabmol
Vol
T,°K Cp 5 ~G-Hma)T  H-Hme SHP AGP Log Kp
¢
100
200
298 T.4w81 50.83% 50.835 « 330 ~- 2400 43.350 506,099
300 Ta689 5Q0.682 50.835 T = 244013 ©8.373 % 9. 009
400 T.878 53.091 5ka134 - T83 —  b%.H6GhH 69.743 28.09%
500 Ba16% 54,882 51.710C 1.580 - 65,385 T0.900 30.991
600 8.375 50,391 520368 2okl = &9.091 71938 26,203
700 B.%21 57.694 53.038 3,259 =  &b.8L% T2.65% 22.7%0
800 8,028 58.839 534693 ©all? ~ 67,571 T3ab67 23,125
J00 B, 709 59.86d H4.322 4,984 ~ 88.37¢Q Thedsl 18a062
1300 #.771 40781 544923 5.858 - Th.73% T%.821 162352
1100 Ba821 6i.619 552494 6,738 - 72.535 75.091 14.919
1200 8.86Z 62,369 50.037 7022 - T3.330 75.288 13,702
1300 Ba 896 63,099 564553 8,510 - Ta.l20 15,419 12,679
1400 8.924 63,700 57.045 G401 -~ Ta.9x3 T5.488 1l.7d4
1500 B.9%0 64,378 $Ta513 0.295 ~ 75,720 75.502 11001
1600 8.972 64,954 57.960 blad4l ~- Tb.518 15.480 162307
1700 8,992 65,499 58,388 12,089 - 17.317 54370 S.08Y%
1800 9,010 60,014 53,797 12.939 - T8.lls 154231 Palda
1900 9.027 66,501 %2190 13.871 - 78.5i¥ 75,050 Ha033
2300 Fad23 bbaF65 59,587 14,794 = 7%.720 Ta.827 8,177
2100 9057 67.406 5%.930 15.69% ~ 80.523 T4.562 17860
2200 9,071 67.828 404280 16.608 —- &l.3i3 T4.260 7.327
2300 9. 8% 68,231 600617 17.514 - B&a.l33 73.91% 7.024
2630 94097 68,618 50,942 18,423 - 82.94l T3u504 ©.697
2500 9,109 68.990 61.257 19.333 -~ 83.751 7341239 64394
2600 9.121 B30T bLl.501 20.8 %% = B4,50l 72.696 bodlil
2700 9133 63,692 &i.856 21.157 ~ 85,373 Té:220 5. B840
28300 F.145 70,024 &2.042 22.071 - 155.%% T0.894 5,535
2900 9.157 T, 365 62.419 22.9486 - 1564145 07859 baile
3300 Fale T3. 056 82.088 23.902 = 126,704 bb . BOA “.721
31400 J.16} T3.957 624950 24.820 - 157,258 51731 by 35¢
3200 9. 194 Tl.2a86 $3.205 25,739 - 157,814 58.0%0 4. 005
3300 9.207 71.531 B3.453 26,659 -~ 158.371 52,533 3.0l
3400 9221 TL. 807 63,095 27,580 - 158.%30 52.%l1L 3,469
3500 9.238 Tz.07e ©3.930 28.533 - 15%.%88 “9,271 3.077
3600 252 T2.33¢ Gae 160 29.427 ~ lod.@a7 482113 &e 799
3700 Fe263 72.5d8 $%.385 30.333 = 160,607 42.939 2a536
3800 9238 72.4930 b4, 504 3i.2081 ~ lol.167 39.751 2,288
3306 Je308 74,977 &4, 81d 32,21 - 161.726 3onb%7 240%d
53G0 3.329 T3.313 £5.027 33,143 - 1&2.287 33,332 1.6_21
4100 G353 73../5‘-" 65,232 34,077 - 102.841 30,103
4200 .37 r3.769 $5.w33 35.G13 - 1é3.4ué 2oacbd
«360 Fahls 73,990 85.629 35,953 - 163.966 23.599
4% 00 Fakda 14,227 5%.822 36,395 - lok,n25 2327
500 Fahb5 T5.%19 68010 37.83% - 165.082 17.043
4600 ATy Te.02B 66196 38.788 ~ 163,838 13.745
4700 3.534 74,832 664377 39.739 ~- 168.190 10.443
4300 90572 75.033 68,355 “Oeo9e - 168,751 To1ed
4900 9.612 75.231 66.730 41e653 - 167.325% 2.Ta®
5300 9. 654 15,426 60902 42e017 - 1o7.857 Yy
5100 369y 75,617 67.071 3o 584 ~ 158.40% 2.909 - s
5200 EXRATY 7%, 806 &7.238 44s 557 ~ 168.55% 0,270 -~ 25%
5303 3,795 15.992 67.401 “5.5%4 - 169,339 Febsd - + 390
5400 3,346 Teu 176 67.562 “be516 = 17ua05& i3.032 -~ #8527
5500 9,900 T6.357 6TeT23 %7503 =~ 170,003 losa26 - 053
5003 G955 T6.538 67.878 ©8.496 - 171149 19,832 - o774
5700 10.212 16,713 68.029 “YohGh = 17L.06%3 £3.265 ~ -89
5800 10.072 T6.087 68.141 50.498 - 172.237 26673 -~ 1.00%
5900 13.133 77.060 68.33¢ 5i¢538 -~ 172,740 3Q.107 - PR SE]
300 10.19s T7.231 6BaTT 32.523 - 173,321 33.552 - 1e222
Dec. 31, 1975

ALUMINUM HONOXIDE UNINEGATIVE ION (A10™) {IDTAL GAS) GFW = 42,9814

. N N P
Ground State Configupation [~I } AHf(') = ~62.5 & 4 kecal/mol

. N .
S2¢g.15 © £50.8% £ 0.4 gibbs/mel AHESgg 15 & ~B4.0 x 4 keal/mol

Electronic Levels and Quantum Weights

State Ty em” g
[;z‘) o 381
{78 270001 (51
w, = (8003 et wgx, = 15,41 ent
B? -1 we N cm 1 2 L ®
e ° [0.640) cm G, = [0.006] em T, = [1.82]A
Heat of Fformation
We adopt “Hf598 = -8u.0%4 keal/mol based on equilidrium data for AlO(g) + Cl7{g) = Cl(g} + A107(g) obtained using

¢ffusion-mass spectrometry by Srivastava et al. (L, 2). Our analysis of the data is summarized below. For the process
AL07(g) = Al{g} + 07(g) we calculate a dissociation energy D(') = 165.22% keal/mol; this is comparable tor D:)(AlFJ = 153,321.5
kcal/mol (3} and much larger than DS(AIO) = 12022 keal/mol (3). The corresponding electron affinity, EACAI0) = 78.3%x

%cal/mol (3.42 eV}, is 4.4 keal/mol lese than EA(C1) = 83.3 keal/mol {3). Gaines and Page (4) used a semi-empirical method

to predict EA(ALO) = 60 and EA(BO) = 9 keal/mol, corresponding to a difference of 11 kcal/mol. Although this difference
is comparable with the experimental difference of ¢ keal/mol, the values predicted for EACALO} and EA(BO) are 20 kcal/mol
lower than the experimental results (1, 2J.

Range No. of 552 aHrg e/ (keal/mol) SHEZ o
Source T/K Points gibbs/mol 2nd Law ird Law keal /mod
(1, 2) Srivastava (1972) 2080-2222 5 -5.8:3.8 -8.128.3  4,uB:l.) -84, Osy

285 = 48r°(2nd Law) - uSri{ird Law).

Heat Capacity and Entropy
All of the molecular constants are estimated by comparison with AlF and Al0 (3). We estimate the electronic states
and levels from the low-lying states of isoelectronic AYF. The bond distance is taken equal to that in AlD and slightly
shorter than that in ALF, B, is caleulated from To+ We derive a = 2002100 cn'."l from k = 4.8 mdyn/A estimated from
K(ALE) = 4.23 and k(AlD) = 5,68. Similar comparisons of w X, /w, and %, /B, are used to estimate w,x_ and g
. © :
The enthalpy at absolute zero is -?2.109 kcal/mol. ¢ *
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Aruminum Droxine (ALOg) ALD,
(IpeaL Gas) GFW=58,9803
gl keal/mol
T, °K cp° 5 ~(G'~HwayT H-Hms AHP AGP Log Kp
Q 2000 000 ENFINITE ~ 2e712 - 44,443 b4 ebid INFINITE
100 T.962 47,987 57,919 ~ 1993 -~ 44,524 %5.018 Y8.368
200 1G.187 56,242 59.632 = 1l.u78 - hh.T47 “5.437 49452
298 Ll.684 58,608 5B8.608 2000 - 44.900 45,765 33.532
300 11.T07 58,080 53.608 022 - 44,902 45.751 33329
«00 12.701 62,195 5%.080 le24s - 4,983 402019 25.1%3
500 13.332 65,302 ©0.002 2.550 - 45.05%0 46269 0,224
600 13.760 67,571 61.063 3.90% - 45.10% 46,509 lo<3al
700 L4 01% 69,711 62.149 5.293 - 45.180 @6 F37 19392
a00 14,209 . TL.5%0 63,215 5.705% —-  45.283 46,953 12.827
900 140340 73.277 64,241 8a.132 —- 45.432 474153 1la450
1200 14.%41 T4.793 65,222 ¥.572 ~ &8.152 &7.151 Ju.308
1100 14.5L7 T6a1T73 66,155 11.020 - 48,302 4T.0%4 Gedo ¥
1280 l4.578 Tr.a39 &Te0b% 12.474% = 48,455 45923 BaShb
1300 14.623 T8.608 6T, 889 13.934 ~ 4B,5l10 b, THY Teab0
1400 14.661 79.693 LY-PY-3-1 15.39% - 48.76H fB6 o643 Ta281
1500 14591 30,705 6%.461 16.808 ~  Ad.%3) wbak8b ©.773
1600 14717 8l.654 70194 8337 - A9.096 “6.317 s.327
1700 14.T38 B2.547 T0.89% 19310 - 4%l 4ba-13% 5.951
1300 14. 757 834390 71.565 21.284 - «94437 45,548 5.579
1900 14773 Ba.1988 72.209 22.761 - 49,6l 45750 5202
2330 14,788 BheDoT T2.827 24233 -~ «9.795 450544 4377
2100 14801 85,658 T3.422 25.T1a - 49.9B0 45,327 4.717
2200 14.814 86,357 73.994 274199 - 50a1l7u &5.101 48U
2300 14,827 87,016 Tha5%0 28,481 - 50.362 a%.Bo5 4263
2400 14840 B7.647 75.079 30,164 ~  50.580 L% .620 4,063
2500 14.85% 88.2%53 75.594% 31643 - 50.762 44,373 3.879
2000 14,868 BH.836 T6.092 43.135 ~ 50.987 halll 3.7uo
2700 14.882 89,398 T6.574 34623 - 51l.i76 43,845 3549
2800 14.898 89,939 1T.0482 i6.112 - 120.799 424730 3.336
2900 14,915 P42 FTek90 37.602 ~ 120756 39.951 3agil
3000 14,933 90,968 T7.937 35.09% - 120.711 37.185 2.707
3100 14,952 F1.458 78.365 40.589 - 120671 34.330 Zak24
3200 14.972 31.933 78.781 42,085 =~ 120,03% 31.5%7 2:15d
3300 14a99% 9239 79137 45.543 ~ 1204598 2B8.816 1.906
3400 15.01e 32,8427 9. 582 45,084 = 123567 26.037 len?e
3500 15040 93.278 T9.967 «6,587 ~ 120,%35 £3.259 Lo452
3600 15.004 93,702 40,343 “Ba092 = 120506 2G.al5 la.243
3700 15,090 S4.115 60.709 49004 ~ 120.478 17.699 1.0%%
3800 15:116 34,513 81.Co8 31110 - 120.452 14.921 836
3900 15,143 9¢.911 8l.418 52:623 ~ 120.425 i2e3ut 681
4900 15,171 95,294 B81.760 54.139 ~ 1204401 %371 2512
4100 15.200 95,669 82,094 55.8657 ~ 120.378 6.59¢6 2352
4200 15.229 S0.036 82.422 574179 - 1202353 3.820 2199
%300 15.258 96.395 G2.T43 53.703 - 120.331 1.043 »053
4400 15,287 Fia T4 £3.057 60,230 - 120.309 1.731 «LBé
4500 15,317 97.090 83.368 61760 - 120.283 4y 504 219
4600 15.347 97.427 83,667 03294 ~ 120.265 7.281 2340
4700 15,377 9T 75T B3.963 6%4.830 - 120.2%6 10.048 <467
«800 15. 406 98,081 84,254 66,369 ~- l20.226 12,820 2534
%930 15.434 98,349 B44 560 67911 = 120.200 154593 2695
5000 15.405 98,711 84.820 0%.456 - 120.128 18,362 2BO3
5100 15,494 39.018 85.095 T1.004 - 1ZDel Tl 21.137 «906
5200 15.523 99.319 850306 72.55% - 120.155 23.902 L.uus
5300 15.551 99,615 85,632 74,109 = 120.i40 ba BTl ko100
5400 15.576 95.906 855694 75.605 - 129-127 29 b4k lalg2
5500 15.605 100,192 36,151 TT.22% ~ 120.1186 3z.21% le2dv
5600 15.632 100,673 Bbaa0e TY.706 - 129.103 34,983 1.385
5700 15,857 100.750 86653 80.350 - 120.101 3Twfad Let47
5800 15.682 101.023 B80.899 8le9i7 - 120.098 40,524 1.527
5900 15. 707 191.291 BTal4l 83487 ~ 120.097 43.292 1604
6000 15.730 101,555 BT.379 85,059 ~ 1204100 46,083 1.678
June 30, 1968; Dec. 3L, 1968; Dec. 31, 1975

ALUMINUM DIOXIDE (A10,) (IDEAL GAS) GFW = 58.9303
Point Group D] OHEQ = -b4.4 * § kcal/mod AcLl,
S5gg.15 = [98.6 2 2] gibbs/mol 8HEjgg 15 = -44.9 ¢ 5 keal/mol
Electronic Levels and Quantum Weights Vibrational Freguencies and Degeneracies
—1 o
EjanSR & @, om™t Bond Distance: A1-0 s [1.62) A
o [ul [EBOI(L) Bond Angle: 0-&1l-0 = [180°]
£150001 €3] 1300)¢2) Rotational Constant: 8,:[0.200741 et
£20000] &3] £8303(1) ¢ = 2

Heat of Formation

We adopt Aﬁf;as = 44,925 kcal/mol and bHaé = 24025 kcal/mol based on equilibrium data for Al(g) * AlOz(g) = 2A10(g)
obtained using effusion-mass spectrometry by Farber et al. (1, 2). Analyses of the data are summarized below. Comparison
aof Ai‘laa = 24025 kcal/mol with D(')(Alc) = 1202 (3} and AHaS(AlZO) = 24535 (3} suggests that the Al-0O bond strengths are almost
equal in Al0, A0, and Al,0. BO, BO, and B,0, are very different in this respect.

The adopted gHF® is confirmed by.a mass-spectrometric analysis of compositions in Al-containing flames. Farber et al.
(4 reported aGr® = 7.4 keal/mol for Al0(g) + H,0(g) = AlO,(g) + H,{g) at 22502100 K. Combining this with JANAF auxiliary
data (3), we derive ’:‘HFSQB': ~1.1 keal/mol and AHfEQB = -42.525 keal/mol for A107(g)A The uncertainty is that assigned by
the authors {(4).

Range No. of 85 ofirg g g/ (kcai/mol) SHED g
Source T/X Points gibbs/mol 2ng law  3rd Law kcal/mol
(1) Farber (1972) 18%3-2093 ? -1.020.7 -2.521.% -0,3520.2 ~h4% . B5e5
{2} Farber (1971) 16631983 7 7.7286.4 14 212 -0.2523.6 -kL, 9526
(1, 2) Combined 1663-2083 14 2.8:2.7 5.4:5.1 -0.3022.5 -4k, 9025

385 = aSr®(2nd law) - a5r°(3rd law).

Heat Capacity and Entropy

Electronic ground and excited states are estimated by analogy with BO,. We assume that the excited states have slightly
lower values of To than in 802 (8). We adept the linear, symmetric structure and estimate the bond distance from that of the
ground state of M? €3}, Vibrational frequencies are rounded values derived from the force constants fr = 3.9, frp = 0.5
and £ = 0.2 mdyn/A. Uncertainties in these estimated force constants suggest uncertainties in the fregquencies of 5802100,
300290 and 8902150 em”l. The corresponding uncertainty is 22 gibbs/mol in the entropy and Gibts-energy functicn. R

The adopted force constants are derived from FALO and from 0BG, BO and AlO. Values of (f +rr~'p) = 4,45 and u.39 mczyn/A
are estimated from FALQ (8} and from BO, (7, 8, 5) adjusted via the ratio k(A10)/k(20). We adopt (Er+fr“) = 4.4 mdyn/A for

AlO, and vary f“r over a wide range te see the effect on V- Values of f(x/fr = 0.07 and Q.03 are obtained from FALG (3}
and 30, (1). We adept an intermediate value of 0.05 for AlQ,.
The sssumed linear structure is consistent with the predictions of Walsh (§) for ABZ molecules having 15 valence

electrons and with known data (10) for such meolecules. Lynch (11} postulated a highly bent At - O; species from observation

of a weak IR band at 1116 cm ™~ in an Ar-0, matrix and 1096 em”™" in N,-0,. 1In these experiments Al was codeposited with Al,0

using & matrix gas containing ~21% 0,. The weak IR band disappeared immediately during annealing of the matrix. The species
+ - N : s

AL - oz was presumed to be different (11} from Al0, observed mass spectrometrically. A relatively strong band cbserved at

686 cm™" first increased in intensity and then remained fairly constant during annealings. This band was assigned to the

cyclic dimer of ALG, but it is alsc near our espected value for vy af AlC,. This mode should not be active in the infrared if

Al0, is linear. The moment of inertia is 13.%64 x 107°° g ex?.
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Acuminum DroxiDe UnNINEGATIVE lon (AL02 3 ALO,”
(IpeaL Gas) GFW=58,9809
@ Kealfmol
T,°K <p° G -HwnT  H—Homs aur AGP Log Kp
o

100

200

293 11099 54.8%8 54,848 $0U0 =~ 140,900 - 1394137 1ule99C
300 1l.125 54,917 54. 848 021 - 140.912 - 139,126 1014353
“Qa0 12.246 58,282 55. 300 1.193 = l4lebe? - 138,433 T5.636
500 12.978 51.099 56,186 2.457 = 142.162 - 137.5&5 60.138
600 13,463 434511 57.210 3.780 - 142,730 ~ 136,619 49.F84
T00 13,793 65,013 SH.204 5.14% - 143.325 - 135.553 42032k
80U 14.025 67,671 59,301 b.5386 - 143,945 - 134,402 30.717
300 Je.196 £9.133 650303 Te94? = 144.607 - 133.169 32.338
1300 14.319 7C.035 6la202 94373 - 147.838 - 131.677 2p.778
1100 EEFE T4 72,008 52,177 10.810 - [48.49n = 130.041 25,835
1200 14,439 Ti.ze2 o3e 049 12.25% - 149,154 ~ 128,323 23.371
1300 14567 T4, 426 63.880 L3.707 - 1%9.814 - 126,560 212277
1400 14595 T5.50% beab72 15.164 - 150.&77 - 124,74t 19.474
1500 la,033 26,512 b5e420 16620 = 151l.142 = 122.830 17.904
1600 16.685 771.458 beuwlbl 18.091 - 151.809% - 120.%79 L6.525
1700 14.6932 78.348 66,843 19.559 - 1592.479 - 119.032 15.303
1800 14,714 79.188 67.505 21.029 - 153,153 = 117,04 14,211
19900 14.733 19.584 Halol 222531 - 153.832 - 115.0¢0 13.230
2000 14,749 80,740 BB THA 23.97¢ - 154,513 = 112.962 12344
2iv0 16.783 6%a341 25,451 - 155.198 - llv.Bs? 11h.538
2200 te 770 6%.907 26,928 - 155,889 - 1UB.740 10.802
23p0 1¢.788 TC.454 284406 - 156.502 - 106,5&0 104127
2400, 14,796 83,434 70.982 29.688% - 157.2¢1 ~ 104,390 %4506
2500 14804 71492 3l.385 - 157.985 - 102.176 8,932
2600 14,812 71.986 32.846 - 158.691 - 99.927 62400
2400 14,818 TZe404 3%.328 ~ 159.403 - 97,654 7.905
2800 1a.824 12.928 35.810 = 229.530 - 94,526 7378
2900 14.830 73.378 37.293 - 229.989 - B7.6%4 6.760
3000 14.834 B&. T4 13.815 38.776 — 230,453 =  ge.bhT ba181
3100 14,839 87.227 T4a240 4U.259 - 230.940 ~- 79.955% S.039
3200 14,843 B7.698 742653 41a793 - k314392 - 75,108 52130
3300 14.846 B3.155 T5.0535 43228 - 231.867 - 70,219 4a650
3400 14,450 B8.598 15,647 44713 ~ 2324348 - 85,315 o l9n
3500 14.853 89,028 75.829 46.198 - 232.831 - 60,397 3.7
3600 14,855 89,447 764201 47.683 - 233.318 - 55,459 3.367
3700 14.858 B3.854 T6.565 @3.169 - 233.309 - 50.513 24584
3800 14.860 92.250 T6.920 50,655 = 234.306 ~ 45,552 2.020
390¢ 14,863 93.63¢ 77,267 B2a141 - 234.8G1 - 40,573 2274
4300 14,865 91,013 TT.6006 53.8627 - 235.303 - 35,594 La94¢5
100 l4.866 91.380 17.937 55.114 - ¢35.808 - 30.596 1631
4200 14.868 91.738 18.201 56601 - 2360315 - 25.58% 1.331
4300 14,870 92.08B8 78,579 58,088 - 236.827 - 20,558 1a04%
L4500 14,871 92.430 78,050 53.575 = 237.362 ~ 15.8523 2771
«500 14,873 92. T84 T9.194 51,062 = 237.8060 - 10.47% 2509
4600 14.87% 93,081 T9,453 £2.5549 - 238.381 - Satls 2257
4700 14,875 FETEARY 1%.786 6037 = 238.907 - .34 016
A800 la.877 73, 7% 80.073 65,524 ~ 23%.4385 EFREE] wzit
2900 l4.878 94,031 80.355 67.012 = 2399067 $.820 «&38
5000 16,379 94,331 80,631 68,500 = 240,502 14,928 2652
5100 la.480 9e.626 80,933 59,988 L3 BT LTS 2U.046 859
5240 l4.881 9es915 Blal69 Tl.4T76 - 241.586 25,165 1.05%
5300 14,881 99.198 81,431 T2.96% ~ 242,134 30,304 1.250
5600 14.882 95.476 BL.6389 Te 652 ~ 242680 35,4467 lak3b
5500 14,883 95,749 8L.942 75,940 - 243,242 AuLb03 labls
5600 14,884 96,018 Bea19) 17,429 - 263.80% 45,759 1,786
5100 14,884 B6.481 BZ.430 18,917 = 24%.370 50.942 1.953
5800 L4845 P4 540 B2.8677 280,405 - 2449.943 56,133 2415
5900 l4,880 Gba 794 82914 BL.894 ~ 2654520 6l.328 22272
5000 la.886 7,045 83.147 B3.483 - 2&b.102 66,536 2ablk

June 30, 1368; Dec. 31, 1968;

Dec, 31, 1975

ALUMINUM DTOXIDE UNINEGATIVE TON (AlOQ‘) (IDEAL GAS) GFW = 58.9809

Point Group (D} Aﬁfg = —-138.8 2 7 kcal/mol A L02 -
Sieg,3s = [5%.85 ¢ 1.5] gibbs/mol AHEE’SF.JS = ~140.9 + 7 keal/mol
Ground State Quantum Weight = [1]
Vibrationsl frequencies and Degeneracies
o

18301 (1)

[400) (2}

{1020} (13
Bond Distance: AI-0 = [1.61] A
Bond Angle: 0-al-0 = [180°} c =2
Rotational Constant: Bo = [0.2023%) cm™t

Heat of Formation

We adopt aHf g, = -140.927 keal/mol based on equilibrium data for the reaction A1, (g} + C27(g) = AlO, (g) + Cl(g)

studied via effusion-mass spectrometry by Srivasteva et al. (1, 2). Our analysis of the data is summarized below. For the
reaction AJOZ_(g) = Al(g) + 0(g) + 07(g) we derive AHaa = 300.547 kcal/mol; this is comparable with ﬁﬂaa(cﬂli‘) = 293,224
kcal/mel (3} and much larger than bHaE(GAlO) = 24028 keal/mol (3). The corresponding electron affinity, EA(A‘LOZ) = 94,25
RKeal/mol (4.0920.26 eV), is 10.9 keal/mol greater than LA(CL) = 83.3 keal/mol (3).

Range No. of 55? v S g/ (keal/mol) BHES gy

2
Source o T/K Aibbs/mol 2nd Law 3rd_Law kcal/mol
(1,2Srivastavally72) 2080~2222 5 1.1t8.0 ~8.828.6 -11.0620.8P ~140,8527

%65 = 65r°(2nd law) - aSr°(3rd law).

b, N 5 5 o s .

Uncertainty derived from the scatter in aHr®. [Estimation of reascnable bounds for bias in Gibbs-energy function
and Kp yields an uncertainty of 5 kcal/mel (or n8 Keal/mol if the ien is nonlinear). Possible bias in the Gibbs-
energy function is the dominant uncertainty.

Heat Capacity and Entropy

AlO; is iscelectronic with OALT and the related molecules $i0, and MgF,. Fertinent structural information is reviewed
on the tables (3) for DALF and MgF,. We conclude that OALFT is probably linear but cannct exclude the possibility of slight
nonlinearity (bond angle of “180°). This conclusion also applies to Al0;. We adopt a linear, symmetric structure wirh 2
bond distance equal to that estimated for OALF and slightly shorter than that observed for the ground state of ALG (3). We
assume the ground stare to be 2% .

13.772 x 107%% g cm?.

based on other triatomics with 16 valence electrons (%, 3). The moment of inertis

Vibrational frequencies are rounded values estimated from f = k.5, fm‘ = 0.0 and fa = 0.338 mdyn/;.. The A1-0 stretching
force constant and fa/f“ = 0.075 are transferred from OAIF (3}. Raman spectra (5, 6) of aikaline aluminate solutions (pH>12.9}
. T -1 . g - ==
showed a single abscrption at “630 cm™  assigned to vy of linear 0AX0 . Other infoermation (5, §) supports the existence of

ALO; in these highly alkaline solutions. The assigned v, corresponding to (£ +f ) = 3.7% mdyn/A, agrees satisfactorily with
our independent estimate for the gaseous phase. )

References
1. R. D. Srivastava, 0. M. Uy and M. Farber, J. Chem. Soc., Faraday Trans. II 58, 1388 (1972).
2. M. Farber, R. D. Srivsstava and 0. M. Uy (Space Sci. Inc., Monrovia, Calif.), Rept. AD-731303 (Avail. NTIS), 50 pp. (18713
3. JANAF Thermochenical Tables: AlFO(g), AlC,(g) 12-31-75; C17(g) 6-30-85; MgF,(g), ALO(g) 6-30-75.
4. J. W. Rabalais, J. M. MeDonald, V. Scherr and S. P, MeGlynn, Chem. Rev. 71, 73 (1371).
L. A. Carreira, ¥. A, Maroni, J. ¥. Swsine and R. C. Plumb, J. Chem. Phys. 45, 2216 (1966); J. Pays. Chem. 68, 2057 (195%),
5. L. ¥ Pavlov, N. I. fremin, T. Ya. Konenkova and ¥. . Mironov, Sov. J. Non-Ferrous Metals LQ(8), 60 (186%); 10¢7),
56 (1869); English transl. of Tsvet. Metal. B2(8), 56 (186%); 42(7), 56 (1963),
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ALUMINUM SUBOXIDE (A1,0) (IDEAL GAS) GEW = 59,9624
Aruminum SuBoXIDE (ALg0) ALp0 Point Group [Dg) SHEY = -31.125 keal/mol Arg0
S)gg.3s * B1.821.5 gibbs/mol BHESGy g = -31.225 keal/mol

(IpeaL Gas) GFW=69.9624

Ground State Quantum Weight = 1

8261 °C 'ON ‘£ *1oA ‘Ding "joy wey hyg op

Vibraticnal Frequencies and Degeneracies
©,_en” P @, _en”t
Sbise/mol Eealmal . (8751 (1) L1181 (2> 29 (1)
T,°K Cp® 5 —(GO~Hoame}fT  HO-Hsss AHP AGE Log Kp Bond Distance: AL-0 = 1.72 A
o 000 .000 INFINITE -~ 3.129 = 31.i0% ~ 31.104 INFINITE Bond Angle: AL-0-Al = 160°235" o w2
100 10.198  49.064  F1.875 - 2.281 - 30.815 ~ 33.321 72.824 ) i K o1
200 (1.593 56,604 62,331 - 1,185 - J0.951 - 35.821 39.143 Rotational Constant: 3,=0.10538% cm
298 12.513  6L.4l6  6l.4l4 L000 - 31.200 - 38.16% 27.979 Heat_of formation
300 12.528 6L.491 6l 414 L0213~ 31.205 -~ 38,213 27.838 We adopt the heat of atomizatioen AHa&:Z“IS:S keal/mol and AHfjge=-31.2%5 keal/mol. Four reactions analyzed below yield
400 13,190 65,192 &1.914 1311 ~ 31,471 - 40.507 22.132 Dy values from 244.7 to 25C.0 keal/mol, excluding a mass-spectrometric study (3) which may be biased. Analysis of reactions
5 31.7 2.73 13.679 o : & v = Y
500 43.643  68.187  62.379 2.6%6 = 3L.755 - 42.T34 . A and B presumes Di(ALO)=120£2 keal/mol (11). The alternative DY(AL0)=121.5:1(11) would change sHa%(Al,0) by +3 (reaction A) or
600 13.952 70.704 63,979 4.035 - 3Z.070 - 44%.902 16,358 +1.5 kcal/mol {(reaction B3}. Analysis using alternative reactions which are independent of AlD leads to lower values of
1000 Laass TNl SR Seael o B2.e23 m eledlZ 0 Q4eeld aHag(al,0):  282.7(1), 280.7(2), 2V2 and 23% (3), ang 245.7 keal/mol(i). 8Haj:245:5 keal/mol includes almost the whole range of
900 14.42% Tba bbb 67,240 3.304% ~ 33,324 - 51.071 12,402 values and alsc reproduces the approximate proportions of Al,0(g) and AlO{g) reported (2, 4) over a~Al,0,.  Alternative thermo-
7 7 & 11.506 b o & = 273
1000 le.3l2 77951 48.240 P75 - 38,957 - 52.648 e dynamic functions are discussed below. These would increase alaj(Al,0) by approximately 1.7 to 2.8 keal/mol, depending on the
1100 14375  19.377  69.191 11.205 - 36,440 - 53.992 10.727 mean T of the data.
1200 14.825  8G.¢46  T0.093 12.666 - 39.921 ~ 55.295 10,071 . a ] b . . .
1300 lh.66%  8L.820  70.951 142430 - 40.401 - 5§6.556 9.508 Source Hethod Reaction” Range No, of s AHrpgg/(kealimol)  8Hfjo, Dy
1400 14.695  02:908  Ti.T6s 15.598 - 40.883 - 57.77% 9.020 T/ Points gibbs/mol Znd lew  3rd law keal/mol
1500 14.722 A3.923 720343 17.089 - AL.366 - 58,971 8.592 (1) Hildenbrand (1973) Mass spec. Iy 21042256 3 S1.8el.b 1023 _6.5:0.4 -33,7:5 2u7.0
- _ T (2} Burns (1966) Hass spec. A 2327 1 ——— ——— 8.3 -35.0¢6 248.8
100 Mol BeemTe D32 Mbed D ouy Coaan .2 (3) Drowart (1980) Mass spec. a 2188-250% 1§ -3.8:3.3  -2us8  -15.0s3.3 -41.8s7 255.6
1800 14.776  B6.612 74671 21.494 - 42,817 - 62.353 T.571 HMass spec. A 2036-2u66 11 -los? -36£15  -13.425.2 -40.7:7 254.0
1900 1e.78% 87.411 75,320 22.873 - 43.30% ~ 63.426 7.29% () Farber (1972} Mass spec B 1943-2093 7 ~1.2s5.5 -129211 -126.4el.3 -32.0s5 2u5.8
2000 14.80p 88,170  75.344 241452 - 43.792 - 64.4TS 10045 (3) Thompson (1973) Mass spec. ¢ 14381880 17 Slluslle 93:3 95.020.6 ~35,7s5 243.5
. . - - . ‘ (?7 Rao (1570} Knudsen eff, c 1558 1 - —ee $9.8 ~31.0s8 2uu.7
o (T) Kulifeev (1969) Knudsen eff. ¢ 157241576 7 1218 11428 95,721,2 ~35.1:5 24B.8
- . ° - A, - b 251 L
g;gg ::'gfz gg 2;; 77‘7’ ?;t ;3 Zfﬁ - «:ﬁ; - 22.3? :.bcb (B)  Herstad (1966) K.E.+P.Coc. < 1585-2128 10 -1.1:1.0 9722 99,331.2 -31,%25 245,2
2300 14,825 90,240 11671 28896~ 45.267 - 67.469 641l (9) De Maria (1968} Mass spec. D 1313-15811 1§ -2.220.7  -5.120,7  -2,020.% -31,625 2u5.3
2606 14.83( 90,872 rdl21% 30,378 - 45.763 - 68.423 6,231 (19) Brewer (1351) volatitization D 1486-1725 12 3.922.7  -0.5:4.3  -6.8¢l.3 -36.326  250.0
2500 14.837  91.477 78,732 31.862 - 46.262 - 69.362 6.064 “Reactions: A) 2 ALO(g) = ALy0(g)+0(g); B) Al(g)*Al0(g)=A1,0(g);
2600 14.842  92.059  79.234 33.366 - 46,762 - 10.274 5.907 N €2 /3 ALLEIVDIS A1g05{a)=aly0lg); D) W/3 AL(g)+1/3 AlyOzle) = ALp0lg).
2700 14.866 92,619 79.71% 34.830 -~ 47.265 - 71171 5.761 8S2a5r°(Znd law)-a8r"(3rd law) Combined data from Knudsen effusion and pressupe compensation.
2800 14.850  93.159  80.190 36.315 - 186,589 - 70.388 5,494 X R
2900 14.45%  93.630  80.046 37.800 - 186,572 - 66,238 4a992 Heat Capacity and Entropy
3000 L4 857 94,184 81,039 39.286 - 186.5%7 - 62.086 40523 We tentatively adopt a linear Structure with a low bending frequency. Recent studies indicate that vy and v, are
3200 14,860 96671 81,519 40.772 =~ 186.5%% ~ 57.934 4. 085 unkroyn (12, 13) and that the bond engle is quite sncertain (14, 15). Electron diffraction data {14} yield a bond distance of
3200 l4.863 95, 163 41.937 42,258 - 186,533 - 53.787 3.673 1.72 A but, in the absence of vy, only a range of 144° ta 180° for the bond angle. Linevsky et al. (16) derived angles of 140"
. 3. - 1u6.523 - 4%, 287 R ; : . - R ; . .
gigg Ji::gz?, Z::gi’g gg_ 3:? :;_;;l{ - i:z_gf; - :Z_:ég :_g;‘ and “180° from the oxygen-isotopic shift of vy for Al,G isolated in Xr and Ar matrices. A linear structure, however, is more
3500 14,869 F6.478 83,127 46.718  —~ 186,512 -~ 41.349 2.582 consistent with the absence both of an IR absorption due to vy (32, 13, 16-18) and of deflection by an inhomogeneous electric
3600 14,871 95. 894 83,5064 48.205 - 186,510 - 37.195 2.258 field (18). Theoretical caleulations (1%) which satisfactorily predict the gﬂcmetr‘y‘and frequencies of Li70 predict that A120
3700 14.873 97.302 83.871 9. 592 = 186,510 - 33,051 1.852 also is quite jonic and linear with a low bending frequency. We estimate vo3118 em™ using fq/fp, s 0.007 transferred from
3800 14.8T4  §7.698  84.230 51,179 - 186,513 - 28,903 1.662 . ; . " -1 ? . : : o
3500 14.876 98,085 84.580 52,667 - 136.516 - 24,752 1.337 Li,0 as suggested by Snelsen (18). We I—SUNW Vy=475275 em”" from £, =3.53 and £, 50.020.5 mdyn/A. Theoretical predictions
%000 14.877 9356} 846,923 She iS4 - L86.36 - 20.609 1.328 (15) are v,=527, v,5102 and ¥,521057 em™ .
: I .
4100 14.879 93.829 85,257 55,542 — 186.534 . 16.4b64 L878 The more precise 2nd-law analyses of X suggest that 52000 be changed by ~-1.2 gibbs/mol {see §S above)., We fmel that the
4200 14.880 9. 187 5,585 57130 - 186,544 ~ 1Z.312 LY data are not sufficiently accurate o justify this change. It could be accomplished in three ways: 1) using \:7=160, 2} using
4300 14.881  99.537  B5.905 58.018 - 186,560 -  E.ls3 415 . I . . B 3
4400 14.382 95,880 $6.213 504106 - 186.578 - 4,011 <199 an angle of 160" and v,=180, or 3) using an angle of 144° and v,=300 en™".
4500 14.883  103.216  88.526 61.594 - 136,600 .137 - .007 References
%600 14,884  100.541  Bo.827 53,083 -~ 186.623 w291 - .204 N g~ ’;- gild""b";a“g}-\ Chen. ®hys. lett. %és%? (1973)
4700 14.885 L00. 881 87,123 64e571 - L36.654 .43 - . 392 - X P Burns, J. em. Phys. 48, 0 . -
4800 14,885 101.175 BT.4t2 660060 ~ 1B6.bET 12.583 - 573 3. J. Drowart, 8. De Maria, R. P. Burns and M. G. Inghram, J. Chem. Phys. 32, 1368 (1860).
4300 14,886  10l.481 87,696 87.5648  ~ 186.723 16.743 = JT47 Y. M. Farber, R. D. Srivastave and C. M. Uy, J. Chem. Soc., Faraday Trans. 1 88, 2u8 (1972).
5000 14.807  131.742 87.975 69.037  ~ 186.766 20.891 - 913 5. X, K. Thompson, High Temp. Sci. §, 62 (1373).
6. D. B. Rap and K. Motzfeldt, Acta. Chem. Scand. 2, 2798 {1370},
. 7. V. K. Kulifeev and G. A. Ukhlinov, Izv. Vyssh. Ucheb. Zaved., Tsvet. Met. 12(2), 72 (1868).
. . . . - Labe 5.048 - 1,073 : s 1% 12
434 SRS S A S A Sl S jo-o2e T de.si? e o 8. 0. Herstad and K. Motzfeldt, Rev. Int. Hautes Temp. Refract. 3, 291 (1986).
5300 14.88%  102.650  88.781 73.503 - 186.928 520355 - 1.378 9. G. A, De Maria, K. A. Gingerich and V. Piacente, J. Chem. Bhys, 43, 4705 (1368).
5400 14.30%  1a2.528  89.041 76,992 - 186,934 37,516 - 1.518 10. 1. Brewer and A. W. Sgarcy, J. Amer. Chem. Soc. 73, $308 (1851).
5500 144390 103.201 59,296 76,481 - 187.06% Slabbt -~ 1,656 L1.  JANAF Thermochemical Tables: AlQ{g) 6-30-75. .
12. D. A. Lynch, M. J. Zehe and K. D. Carlson, J. Phys. Chem. 78, 236 (1874); 75, 1363 (1871),
. 5 13. (€. P. Marino and D. White, J. Phys. Chem. 78, 232%.(1373).
. . . 7.970 - 187, 45.830- - 1,789 18, . .
A IS A b S Gl LESH 0SS At i I 18, A. A. Ivanov, S. M. Tomaldhev et al. J. Struct. Chem. 14, 854 (1873); High Temp. Sci. 5, 385 (1973).
5800 14.891  103.9%2 90,035 80,948 - 187.343 54.155 - 2,06l 18. E. L., Wagner, Theor. Chim. Acta 32, 295-310 (187w). on
5900 L4.892 106,247 96,474 82,437 - ld7.453 58,320 ~  2.160 16. M. J. Linevsky, D. White and D. E. 'Mann, J. Chem. Phys. 41, 542 (1984).
2000 laiu9s L0407 30509 83.927 - 1s1.er3 taasr - 2376 17. 4. A. Mal'tsev and V. F. Shevelkov, Teplofiz. Vysok. Temp., Akad. Nauk SSSR 2, 650 (136u).
* " N ° ) * " “ . 18. A. Snelsen, J. Phys. Chem. 74, 257% (1970).
Dec. 31, 1980; Sept. 30, 1861; Sept. 30, 1985; 19. A. Buchler, J. L. Stauffer, W. Klemperer and L. wharton, J. Chem. Phys. 33, 2299 (1353).
June 30, 1972; June 30, 1975
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ALUMINUM SUBOXIDE UNIPOSITIVE TOK (AIZO‘) (IDLAL GAS)

\ . . - GFW = 69.9619
LuminuM SuBOoxIpE Unirpostrive low (ALgy0™) AL20+ Point Group D, sHES = 158.0 = 7 keal/mol ALZO*
(IpesL Gas) GFW=63.9619 5295.15 = £63.622) gibbs/mol AH{%SEJS = 159.4527 kcal/mol

Ground State Quantum Weight = [2]

Vibrational Freguencies and Degeneracies
14501 (1)

- gibbs/ Kealfored . {1001 (23
T, K Cp '~ M) T W -H'me AHP aGP Log Kp . 1300) (1)
mg' Bond Distance: AL1-0 = {1.73) A
200 Bond Angle: Al-0-Al = [180°) o= 2
298 12,714 63.573 63.573 000 159.450 150,350 - 110.209 Rotational Constant: B. = [0.108378] em)

1 tant: By = (0.
300 12,729 83.652 63.573 024 159,456 150,293 - 109.488
400 13,378 67.409 64,081 1.331 159,705 147,203 - dD.424 Heat of Formation
500 13,302 70,543 65.060 2.692 159.935 144,050 - 52.964 e _ _ _
. . 1208 oL 7e - 160,132 L eo.853 o306 AHiO is calculated from that of A120 {1} using Hildenbrand's appearance potential (2) of §.2020.15 eV (189.123.5 kecal/mol)
50 “. 986 . 4. . . - . We assume apoea o ial is 1 ; : s . -
o8 ooy Jeiiee 30t P oo ies 137657 - a3 0es e assume that the appearance ,.O’lel.'ltlﬂl is identical with the ionization potential for Al,0(g) + A120°(g> + e (g). Other values
800 14,406 77,087 68,413 6.93% 160.385 134,382 -~ 36,711 reported for the appearance potential include 7.7:0.5 (3, 4), 7.920.3 (5), B.5:1 and 9:1 eV (§). These values are consistent
300 16.502 78.749 69,473 §.385 160.397 £31.130 - 3l.843 with, but less precise th h al =
1000 14,573 80.321  70.482 5.839 155.288 128,249 - 28.029 : precise than, the adopred value.
1100 La.s27 31,713 The 44l 11.299 155.288 125,545 = 24,943 Heat Capacity and Entrosy
1200 Lo, 689 82.987 72,351 12,764 155.307 i22.838 - zz.3v2 | R ~eR2CALY and Introgy . R
1300 16, 703 864163 73.215 14,233 155,328 120,133 - 20.196 #1;0° is assumed to be linsar as predicted by the correlation of Walsh (7). We assume that the bond distance is 0.01 h
1400 14,729 85,254 74,036 15.704 1550447 117,426 - 18,331 an i . ;i e : . o . - ) )
1500 1e.T51 86.271 14.818 17,178 155,364 1142715 - 16714 Llonger than “‘af in AIZO? which we presume to be linear (1). Vidrational frequencies are estimated to be somewhat lower than
1500 T o7, 223 5. 585 (a5 155.360 (12008 5. 299 those of Al,0 since the iocn has one less bonding electron. The electronic ground state is doublet due to the odd number of
3 e 223 - - - . N . electrons, The pri 1 c £ imertia i -39 2
1700 14,784 B3.119  76.277 20.132 155.396 109,293 - 14,051 ons ¢ principal moment of imertia is 26.617x107°" g an’.
1800 14,797 88.9064 760958 21.611 155,441 106.534 -~ 12,941 The enthalpy at absolute zero is -3.185 keal/mol.
1900 14,308 89,765 17,611 23.091 155,423 103.869 - 11.948
2000 14,817 50,524 78.238 24.573 155,433 101.154 - 11,054
References
2100 14.825 91,248 78.841 26,055 155,441 §8.938 ~ 10,245 1. JANAF Th fhemical . N .
2200 14,832 91.937  79.420 27,538 155,447 §5.723 -  9.509 ¥ rhermochenical Tables: A1,0(g) §-30-75.
2300 14.538 92,597 79.979 29.021 155,453 93,013 -  8.838 2. Do L. Hildembrand, Chem. Phys. Lett. 20, 127 (1973).
2400 14,343 93.228 80.518 30.505 155.455 90,299 - 8,223 3. K. nomps: i . i s
2500 14.848  93.834  81.039 31.990 155,455 81,530 - T.656 ; R. Thompson, High Temp. Sci. g, 62 (1973).
4. R. P. Burns et al., J. Chem. Phys. 4%, 3307 (1968); 32, 1366 (1960).
2600 14.852 F4a41 7 81,562 33,475 155,452 84866 - 7.134 5. G. DeMari . s . . .
2700 14.856  94.97T  82.029 36,960 155,447 B2,149 =~  6.649 ¢ Peflaria, X. A. Gingerich and V. Piacente, J. Chem. Phys. 13, 4705 (1368).
2800 16,659 95.518 82.504 35.4;‘2 16,620 $1.096 -  56.330 B. M. Farber, R. D. Srivastava and 0. M. Uy, J. Chem. Soc., Faraday Trans. T 68, 218 (1972); J. Chem. Phys. §5, 5312 (1872).
2900 14,862 96,039 82.959 37.9 17,135 83,388 - 6.284 7. A. D. Wal 3 - =
3000 14.465 96,543 33,404 39,418 17.6%8 85,667 - 6,241 alsh, J. Chem. Soc. 1933, 2256 (1953).
3100 14.867  97.031 83,836 40,905 18.158 87.926 ~ 5,199
3200 16,868  97.503 86,255 42,391 18,667 90.16% -  6.158
3300 14,871 97,960 84,664 43.879 19,174 92.396 - 6.119
3400 14.873 98,406 85, 461 45,366 19.677 94,603 - &.08L
3500 14.875 98,835 85,449 46,853 20.180 96,799 = 6.064
3600 14,877 99.254 85.826 48,341 20.679 98.986 ~ 6,009
3700 14.874 99,8062 36.195 49,829 2i.177 101,150 -~ 5.975
3800 14.879 100,059 86,555 51,316 21,671 103,306 - 5.9l
3900 142381 100,445 36,906 52.404 22,166 195,452 - 5.909
«000 14,882 100,922 37.2¢9 54,292 22.65% 107.575 - 5.878
4100 14.883 101,190 87.585 55,781 23,142 109.690 - 5,847
%200 14,885 101,548 87.913 57,269 23,629 111,799 - 5,818
4300 14.885  101.899 58,234 58,757 24,110 113,893 - 5,739
4400 14,886 102,251 36548 50,246 24.590 115,979 - 5,781
4500 14,686  102.575 28,856 61.735 25.06% 118.048 -  5.733
4600 14,887 102,902 89.15a 63,223 25.538 120,113 - 5.197
4700 14,888 103,223 89,454 s4.712 26,005 122.1564 -  5.630
%400 14,888 103.536 89, 744 86,201 26,46% 126,196 -~ 5,455
4900 14,889 103,843 90.02% 87,690 26.931 126,236 - 5.630
5000 14,890 104,144 90,308 69.179 27.386 126,252 - 5,696
5100 14,890 104.439 90,562 70,668 27.834 130.269 - 5,532
5200 14,890 104,728 90,852 124157 28.277 132,267 - 5.559
5300 14,891 105.012 Si.116 73,646 28,713 134,265 - 5,537
5400 14.892 105,290 91.37% 75,135 29,145 136,255 - 5.515
5500 16.892 105,563 91.631 76.624 29,566 138.228 -  5.493
5600 14,892 105,831 91.883 784113 29.380 140,205 - 5,472
5700 14,893 106,095 92,130 79,603 30.388 142,165 = 5,45]
5800 14,493 106.356 92,373 81.092 30,784 144,127 - 5,431
5900 14,896 106,609 $2.612 82.581 31,171 146,080 - 5.6l
6000 14.894  106.859  92.867 84.071 31.547 148,023 - 5.392 <
June 30, 1968; June 30, 1572; June 30, 1875
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vES

ALUMINUM MONOXIDE, DIMERIC (m?ozﬂ (IDEAL GAS) GFW = 85,5618
Point Group [D,,1 4HES = -103.1 ¢ 10 keal/mol Ayl
34 = [66,08 = 4} gibbss AHES = -loh e 3
Aruminum Mowoxine, Dimeric (ALgy04) ALgly 298.15 = £86.0% = 47 gibbs/mol Sep.15 = -1 10 keal/mol
Ground State Quantum Weight = [11]
(Ipear Gas) GFW=85.9618 Vibrational Frequencies and Degeneracies Bond Distance: Al-0 = [1.723 A
@, em™* w, emt w, cn”! Bond Angle: 0-AL-0 7 [90°) A1-0-A2 = [80°] o = (4]
[9001(1) [5003(1) wes (1) Product of the Moments of Tnertia: T,IpT. < £2.1993 x 10715 g% en®
{25031 1300102 685 (1)
. "
& ol Heat of Formation
o (GO o Ny feat of Tormatzeh
T, K Cp s I(GHH::)/T Hz :‘;:' wfﬂf’_’ 103“';:7 m‘:’IBN'::E We adopt 8Hjg. = -104210 kcal/mol and aHa) = 376:10 keal/mol based on mass-spectrometric dats of Farber et al. (1).
. L0080 INFIN . - 08 - . ; . e . X . : . - .
102 q_gsg 52.849 17.6861 2.501 ~ 103.14% - 103.960 227.203 They identified species effusing through an elongated orifice from an alumina cell. Their data are znalyzed below along with
200 12.828 60.433 o7.ge.s x.gg; - :gs.ug - lg;-ga: 1;:-%3 an earlier study by Drowart et al. (2), who used tungsten and molybdenum Knudsen cells. The metal cells caused reduction of
9 . 66.043 664043 B ~ 10%.80 -~ 105,04 . : : - . . : fams . N .
298 15.250 the vapor species {2, 1). This may not be a serious problem, but it probably contributes to variation in sHf® values derived
300 15.286 ?g.;gg 6:.222 l-gig - ;g:-uoz - igz-g;t ;?-gz‘; from different reactions. Analysis of AlQ via the atomization reaction (2) yields sHE® values which are biased by ~6 kcal/mol
400 - T86 o 664 » - «30 - . » . N . . . - P N
ahg  MeeTEe Ivile eriers 3308 - 1040271 - 1os.mel a6 149 (3). Similar analysis of Al,0, (2} yields 4Hf® values which are 6 to 1% keal/mol more positive than from alternative
17.892 o.281 167 ‘o R 195,759 36.523 reactions A and C below. We exclude the atomizaticn reaction because of this parallel. Instead we analyze both studies (1, 2)
600 .27 «8 69 . - 104,84 - N - N : : . N . . . . : -
700 ig_z; 80740 70,719 7.015 ~ 105.143 - 105.887 33,059 using isomclecular reaction A. We also include alternative peactions B and €. B is an isomolecular resction derivable from
800 18.919 g;.z:z ;g-l“ x?,'??,‘ - }gg.f-zg - igz-g;é ig‘;:? the ion intensities of Farber et al. (2), while C is the association of moncmeric ALC into dimer. Results based on JANAT
. o4 .493 S196 - .9 - . . . ; o R : ‘vt X . .
l:gg {3_;21 £7.510 76.796 12.716 - 11L.307 ~— 105.619 23,083 auxiijary data {3) are summarized as Al»{f;g8 and Dold»2m), the dimer dissociation energy. Our uncertainty includes a large
L100 o 69,348 16.036 16. 644 111,934 105,011 20,864 contribution from possible bias in the Gibbs-energy function of Alzo?.
a G . - . - . - - - N : : .
1308 B Siidie e 16,583 - 112-381 - 1oa.363 fei007 8HESG, = -104:10 keal/mol is an average from reactions A and B of Farber et al, (1). It corresponds to. Dj(ds2m) =
1300 19,493 :z.gzg ;gz:i ;g-zg? - :ii.?ag - igz-s;? i:-;;g 136210 keal/mol. Results from Drowart et al. (2) are 46 kcal/mol lower. We would expect DI(d~2m) to be closer to Dg(Al-Al) =
400 .54 . . - - .21 - . . . . N . N 0
St Sl oo S A1 S2n437  — 113.cil I loanans Larg33 40 or D(HO-OH) = 50 keal/mol if The dimer structure were D=A2-Al=0 or Al-G-O-AL. Dj(d+2m) is similar to Dj(AL0-AL} = 125
96.655 81.407 26,398 114.085 101,438 13.856 kcal/mel (3}, so we cannot rule cut the structure Al-0-Al:=0. Since the planar cyclic structure involves four Al-0 bonds, we
1600 3,619 - . . - . - . . . . . . .
1700 Sl.\l.bb'f 97.8%5 82,336 264361 - 114.522 - 100.63% 12.937 would expect AHaB(AlZO,‘.)/uS(Alf}) = & if the dimer and monomer had equal bond energies. Much lower ratios of ~2.5 are found
1800 19.671 98,969 83,232 28,327 - 114,961 - 9§9.802 12.118 for the cyelic dimers of LiF and NaF (3). Dimeric ALD yields #Hal/DJ(A10) = 3.120.1 which agrees with 3.1 (3) for the cyelic
1900 19.691  100.033 84,088 30,295 -~ 115.406 - 98.948 11.382 = ¥ oo g 3
2030 192708 101.064 84,911 32.265 - L15.854 =~ 98,073 10,717 dimer (%) of Li0. This contrasts with 2.6 for dimeric BO (3) which probably has a non-cyclic structure.
. b . o o <
2106 19.724  102.006 85.702 34,237~ 116.305 - 97.173 10,113 Range No. of §s 4Hp5 oo/ (keal/mold GHFSgg  DRld»2m)
g;gg 19-;37 :gi-:gz :3-::; ;g-fgg - iig-;;g - Zg-gg? Z-ggg Source Hethod Reaction® T/K Points gibbs/mot 2nd Law  3rd Law koal/mol o
19.748 2) - - - . - +308 . ST T —_— — S
2400 19,758  104.642 87.909 40,159 - L17.885 ~ 94.342 84591 (1)Farber(1972) EEf. mass spec. Ay 1983-2083 5 ~4.221.0 -21.522.0 -12.9:8 -105.7:10 137.6 =
2500 19,767  105.448 88,59 42,135 -~ 118,155 - 93.366 8,162 (Z)Browart(1360) Eff. mass spec. :e ;;g;»gi:; 4 ;‘;:ig g:?; —2.6:% -gg;-ii iggi B
- ? -28% 23 -2.42 ~-35,2¢ .
2600 Lt 106,224 89,257 46,113~ I18.627 - 92.362 1.764 (1)Farber(i8§72) Eff. mass spec. 8 19432093 s 62232 © 118166 -9,6210  -~302.0212 133.9 1Y
2100 {3_;83 106,970 89,900 46,090 - 119.106 —~ 9L.345 1,394 (23Drowsrt{1360) Eff. mass spec. C: 2464_259y 5 2432k -72:53  -132.3s11 -99.5:12 131.n M
2800 19.748 107,690 90.522 484069  — 255,408 ~ 8B.646 6.919 c 2281-2ub6 8 ~31218 -203238  -130.8211 ~98.0:12 129.%
gggg i:';:; igg-zg; 3}-;1; ;g-g;g - §§:'§§é - gi-ggg 2-552 ®reactions: A} AL,0(g) + ALC() = Al(g) + AL,0,(g); B) AL,0(g) + AlD,(g) = Al0(g) + AL,0,(g); C) 2A10(g) = Al,0,(g) !ﬂ
. - . ' ' : : Pss = 4Sr°(2nd law) - 4Sr°(3rd law).
;égg }Z-gg; i?g';gi ??22-28237 ;’;'0922 - i;g-i%‘; - Zs'tg; 2':;; SFor dissociation of dimer into two monomers; i.e. the reverse of reacticn C. >
19, . . . - . - . . a . . o
3300 19,811 110.943 $3.377 57.969  ~ 258,264 - 58,343 3.86% Using a tungsten effusion cell. =
3400 19,815  111.535 93,902 59,950  ~ 258,250 ~ 52.290 3.361 €Using a molybdenum effusion cell.
3500 13,858  112.109 9%.41% 61,932 - 2568.236 ~ 46,234 2.887 °
Heat Capacity and Entropy
3600 19,821 112.667 94,913 63,914 - 258,228 =~ 40.170 2.439 Proposed structures for Al,0, include: 1} planar cyelic, ) metaaluminate (MOMO), 3) peroxide (MOCM) and 4) metal-bonded
3700 19.824  113.210 95.401 65,896 - 258,224 - 34,118 2,015 272 4
3300 19,826 113.73% 95,874 67.879 - 258,224 - 2B.059 lebld (QMMO) models. Bond energy compariscons were used to favor the cyclic medel (2). Later, the MCOM model was proposed (5) for
zggg 119.u§g ;::izz 22.33; ;f-::i ~ gg:g; - f;-gZ?’ l-g;z all group TII-A chalcogenides, M,X,, on the basis of the correlation of dimer disscciation energies with n;;(xz)‘ New bond
9.8 . - . - . - - -
energy comparisens (5) for all four models led to the conclusion that MXMX is the most plausible structure for these chalco-
:égg ig.g;z Hg;zz 313,32 ;ggﬁ - gg?gzg - ‘;-g§§ fé: genides. This structure has a precedent in metaborates such as Li-0-B=0 (7). We find, however, that use of aHal(M¥,)/DLiMx) =
434 . . . - - -~ - - . . B}
4300 19,836 1164191 e, 099 71,794 - 258,281 2.228 o113 3.1 (see above) brings the cyclic structure into equally good agreement with experiment for all M2x2 except 8,0,. Thermo-
M e Nesro oo Imnoo@he nnm o chesicnt evidense dess 1ot yisld s definivive prediceion of <he structure.
‘ * ° ‘ We assume a planar cyclic structure with bond angles of 90° and bond distances equal to that observed for Al,0 (3). We
Z‘;gg {;-g:g H;'ggg g:‘_ﬁg :;‘;;g - 5;:'25‘: gg‘:c’;g l';;f assume the ground electronic state to be L2 and neglect excited states. Infrared spectra of Al-0 species in inert matrices
4800  19.843 118,373  100.099 87.716  ~ 258.447 32.525 PareT include bands at 496 (&) and 686 cm™® (§) which were tentatively assigned to A1,0,. We adopt these values and estimate the
€900 19.846  113.782  100.476 89.699 - 258.493 38.593 1.721 other freguencies by comparison with Li,0, (§) and Li,F, (10). Principal moments of irertia are 7,858 x 1072°, 13.258 x 10732
5000 19.845  119.183  100.846 91,683 - 258.548 44,652 1,952 39 7 2%z 2ty 128
and 21.113 x 107°7 ¢ cm®.
2;?)8 iz‘i:: HZ‘?)Z)‘; igi-gig 22‘::2 : gz:‘:gi gg';éf g';;: We alsc estimate approximate parameters and calculate thermcdynamic functions for the structures OMMC and MOMO. At
5300 19,848  120.33%  101.917 97.637 -~ 258.750 82,652 2.592 2000 X we obtain @ibbs-energy functions of 84.8 (cyslic), B5.4 (iinear OMMO), 5.1 (linear MOMO) and 88.9 (bent MOMO, MOM angle
g;gg ig-g;: ig?-;%g }82'53{ 13?':55 - ;;g-g;g 32-§§§ g-ggg = 120°) gidbs/mol. This is the basis of our estimated uncertainty of 4 gibbs/mol for entropy and Gibbs-energy functien.
‘ : ) . Recently published thermodynamic functions (£) probably represent lower limits for non-linear Al-0-Alz0; this possible bias
5600 19,851  121.432 102.93% 103.592 - 259,019 81.062 3,164 is " ) 10 3
5TG0  19.851 121.78e  103.26L  105.577 -~ 259.124 87.130 30341 is suggested by new data for ALO, AlL,O snd FALO (3).
5300 15,852 122.129  103.584 107.562 - 259.262 93.213 3.512
5900 19,853  122.468  103.901 109.547  ~— 259,369 99,291 3,678 References
8000 19,853 122,802  104.213 131.533 -~ 259.508 195.372 3.838

Dec. 31, 19605 Sept. 30, 1961;

Sept. 30, 1965; Dec.

31, 1975

Dec. 31, 1961
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Draruminum Dioxtibe UnNtposiTIVE Jlow (ALQOZ‘) ALQOZ+
(IpEAL Gas) GFW=85.9613
; keslmol _
o
T, K cp® 5 G —H )T B —Hme AN AGE Log Kp
bl

100

200

298 15: 645 68,066 68.066 2000 1264000 122.866 30.063
300 15.679 43.163 68.066 - 029 126,003 122,845 B9.%493
40C 17.09¢ T2.886 68,701 lebT4 126,236 121761 66,527
500 17.938 Fo.?99 695460 3429 126995 120.612 52.720
500 18,659 80,119 Tle367 56251 126741 119.412 “3.49%

760 18.801 82,991 72.827 Tell5 126.933 1ld.173 36.895

8Co 19.334 85.518 T2.259 9,007 127.110 116.908 31.937

300 19.200 87,770 T5.637 13.920 127.182 115.628 28.078
1000 19.322 89.800 76.954 12.8486 122.112 114,710 25.070
1100 19.41% Fl. 646 78.207 1%.783 122.189 113.98% 22.6%3
1200 19.48% 93.438 79.398 16.728 122.264 L13.212 20.619
1300 19.540 34,900 804531 18,679 122.339 1120455 18.905
1400 19.58% Fho 350 Bl.630 20,638 122.%11 111.69% 17436
15300 19:621 $7.702 82.638 22,596 12244793 110.924 léelé2
1600 19,651 F8.970 83.620 24.560 1224 54% 1104152 154040
1700 19.676 100.1862 B4.558 264526 122.607 109.375 14,061
1300 19,697 101.287 85.457 284595 122.668 108.598 13.186
1900 19.714 102.352 864308 30.465 122.122 107.814 120%C1
29000 19.72% 103.384 87.165 32.438 122774 107.025 11,895
2100 19.743 104,327 87.94) ELTEIN 122.820 106,236 11056
2200 19.754 105.246 88.707 36.386 12Z2.862 1035.4546 104475
2300 19. 764 106,124 890445 38.302 122.503 19s.656 FuFed
2500 19.773 1064965 90.157 40,339 122.937 103.864 9.458
2500 1%9.780 107,773 90. 845 42,316 122985 103.062 9.0L0
2500 19.707 108.%49 91.512 %4295 122.990 102.268 8.5%6
2700 19.793 109.295 924157 “bo276 123,010 101 .468 84213
2800 19.799 180.G15 92. 782 48,253 = 15,795 102.332 7.987
2900 19.804 110.710 93.388 50.233 - 15.260 1064540 84029
3900 19.808 111.382 93,377 S5z.214 ~  L14.729 110734 8.0867
310C 1%.812 112,031 94569 52,195 = 14203 114.907 8.0l
3200 19.81¢ 1l2. 660 95.105 56.176 = 13.681 119.064 8.132
3300 1%9.81% 113.270 25.646 58.158 - 13.162 123.204 d.159
3400 19.822 113.862 954173 30.140 - 12.650 127.325 84184
500 19.825 1he.436 96687 62,123 - 12.138 13t.433 8.207
38600 19.827 114.995 97.1d8 64,105 = 1le&3s 135534 Bo228
3700 19.830 115,538 971677 65,088 =~ 1l.132 139.0612 Be241
3500 19.832 116,067 984154 b8.0T1L e 10.635 143.680 Boib3
3300 19.834 116.5%82 984620 T0.054 = 10,139 147.737 Be279
4300 i9.836 1E7.08% 99,015 72.038 - Fad5l 151.773 8.292
“100 19.838 1174574 99.520 Ta,022 - Fe165 155,800 8.30%
4200 19.839 118,052 493.956 76,005 - 8.682 is9.822 Ga316
«3C0 15.841 118,519 100382 77.939 - 8,205 163.830 B.327
24Q0 19.842 118,975 100,799 79.974 - T-730 i67.828 B335
©500 19843 113,421 101.208 81.958 - T7.263 17i.810 B304
$600 19,845 119857 101.609 83,942 - 6797 L75.790 8.352
4700 19.868 120.234 102.002 35.927 - 52339 179.744 8.358
«300 19.867 120.702 102,387 87,911 - 5.885 183,700 Ba364
4900 19.848 121111 102.765 89.89% - 5.434 187,651 Ba379D
5000 19.849 121.512 103,136 Fl.881 - 42992 131.581 B.374
EX I 19.850 121.90% 1G3.500 83,886 - 4.555 195,514 8,3%a
5200 19,4850 l22.2%91 103.858 95.851 - 4.125 199.425 4.382
5300 19,851 122669 104,209 97,836 - 3.702 203,340 Ba385
5400 19.85%2 123.040 106.5585 99.621% - 3.285 207.243 8.388
5500 19.853 1234404 105,894 101.806 - 2.879 Z2i1.133 8.390
5600 19.853 123.762 105.228 103.792 d 2,480 2154024 8.392
5700 19.354 1250113 105.55¢6 105,777 - 2.088 218,899 82393
5300 19.855 126,459 105,879 107782 - 1.70% £22.780 6395
5900 19,855 12%4.798 106,197 109,748 - 1.338 226,647 82396
62C3 19.856 1254132 106,509 111.733 - <980 230,509 82396

June 30, 1968; Dec. 31, 1975

DIALUMINUM DIOXIDE UNIPOSITINE ION (AIZOZ‘) (IDEAL GAS) GFW = 85,3613

N +
Point Group [D,, 1 SHES = 125.% x 16 keall/mol ALg 02

S3gg.1s © [68.07 = 41 gibbs/mol
Ground State Quantum Weight = [2]

“Hf235.15 = 126 * 16 keal/mol

Vibrarional Freguencies and Degensracies
2 25

Wy Cm @, em” @, cm
(8011} (4701¢1) t4601¢1)
L £230301) £2803(1) 6501¢1)
Zond Distance: AL-0 = {1.75] A
Bond Angle: 0-AL-O = [90°] A1-0-A1 = [50°) s
Product of the Moments of Tnertia: [2.4337 x 10731%) 5° opb

Heat of Formation

We adopt 8 ‘5598 = 126118 kcal/mol derived from the ionization potential 9.9:0.5 eV (228.3212 kcal/mol) for

AL202(3) - A1202 (g) + e (g). We assume that the ionization potential is equal to the appearance potential measured
by Prowart et al. (1). Their value is confirmed by Farber et al., {2) who found AP = 10:1 eV. aHf® iz based on JANAF

auxiliary data (3) for Alzoz(g) and includes the uncertainties inherent in the properties of this species,

The adoptred MHE® corresponds to Df = 128216 keal/mol for the dissociation 41,0,"(g) = A20%(g) + A0(g); this is
semparable to Df = 136:10 keal/mol (§) for A1,0,(s) + 2 A10(g). Likewise, we obtain DY = 48216 keal/mol for
ALpO,y (g} = AL (g) + A10,{g); this is comparable to DY = 3845 kcal/mol (3} for A10'(gs » A1%(g) « 0(g).

s P ; - + + N :
AHaé © 786218 kcal/mol for Al,0, (g} ~ Al (g) + Al(g) + 2 0(g) is considerably less than aHaé(Al?DQ) = 376210 kecal/mol {(3).

Heat Capacity and Entropy

Uncertainty about the structure of A1207(g) carries over into the positive ion. We assume that both have the planar
cyelic form with bond angles of 90°, although other structures (3, AL,0 g} cannot be ruled out. The bond distance in

R ) 2721
the ion is taken to be 0.03A longer than that assumed for the neutral molecule (3¥. This presumes that the overall bonding

in the ion is weaker than in the neutral m

acule. Vibratienal frequencies are estimated to be somewhat lower thanm in
AIQOZ {3}. We assume the ground electronic state to be doublet, due te the odd number of electrons, and neglect excited
states.

The ggthdlpx at absclute zero is -3.418 keal/mol. The principal moments of inertia are s@asuo““, 13.722107%% ang
21.86x307 %% ¢ en?.

References
1. J. Drowart, G. DeMaria, R. P. Burns and M. G. Inghram, J. Chem, Phys. 32, 1386 (1950).
Z. M. Farber, R. D. Srivastava and 0. M. Uy, J. Chem. Soc., Faraday Trans. T £8, 249 (1972).

3. JANAF Thermochemical Tables: A1,0,(g), ALO,(g) 12-31-75; Al0(g), A30"(g) 5-30-75; Al(g) 12-31-65; A1'(g) 6-30-65.
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ALuminum Oxi1pe, ALrra (a-ALy03) ALglsx
(CRYsTAL) GFH=101.,98612
cabimaol
g %

T, K [ §° —(G-Hw)/T  H~Hms AHP AGE Log Kp
& <009 . 000 INFINITE - 24395 - 397.59¢6 ~ 397.5%6¢ INFINITE
100 3.074 1.324 2441490 - 2.3117 ~ 398.769 - 3%92.332 857,641
200 12.220 52945 13.711 -~ 1.5%3 - 399,934 ~ 385,429 421.177
298 18,585 12,1175 124175 <030 - 400.500 - 378.178 277.212
300 18.981 12.292 12,175 « 0335 - 400,508 - 378.040 275,402
400 22.965 18348 12.97%4 2. 150 - 400.556 - 370.519 202.44%2
500 25386 23.752 14,600 4,576 - 400.589 - 382.98% 15B.662
&00 264899 28.522 16531 Te 184 - 600.&ZL - 3%5.465 429,485
T00 27,946 32.751 18.552 9.939 - 400.213 - 368.0k1 108,654
8U0 28.713 36,535 20.568 L2174 - 400.00% ~ 340.56% 33,039
ELl 29.317 39.953 22.53% 15.677 - 299,851 - 333.148 30.899%
100u 29.821 43. 069 244435 18,634 - 406,800 “ 325.375% Tledil
GG 30.260 49,932 260261 214638 - 404,573 = 317.445 63.07L
1200 30.653 48,582 28,012 240684 - 204317 - 309.537 So.374
1300 31.008 51.050 290690 27,768 - 404,035 = 30L.54%9% 50.742
1400 31.329 53.360 31.299 30.885 - 403,732 ~ 293.783 45.862
1500 31.618 55,534 32.B43 34,032 - 403.40% ~ 285,942 41.662
1600 3L.87% 57, 580 34.326 37.207 - 403,067 - 278.122 “37.990
1700 32,4030 59.520 35,751 4. 406 - 432.709 - 270.323 34,752
1800 32.300 &L.360 37,123 43,626 -~ 402,339 - 262.54% 3L.877
1900 32,480 63.111 38. 445 464 BGS - 601,980 - 254,789 29.307
2000 32,650 64.782 35,721 5Q0.122 - 401.572 - 24T.057 26,997
2100 32.320 642379 404952 53.39% —- «0il.174 ~ 239.361 24,908
2200 32.990 H7.909 2. 143 56.686 - 400.769 = 231.845 23.012
2300 33.160____69.380 ___ 43.296 59.993__~ 1
2400 33.330 7G.7195 Ghe Gll 63031 - 7
2500 33.510 12.15%9 45,495 6ba 60 - 208.66% 18.242
2660 33.590 13.477 460 546 70.020 - 399.092 ~ 201.037 16.899
2700 33.880 T4.752 47.567 13,398 - 398,599 - 193,432 15.057
2800 34,080 15.987 48. 560 T6. 796 - 536.953 - 184,181 14,376
2900 344300 77.187 45.527 83.215 —- 535.9%0 ~ 171.600 12.932
3500 3h,530 T8.35%4 504 b8 83.650 = 534.933 - 159,051 11.5387

Dec. 31, 1960; Sept. 30, 1961; March 31, 1964;
June 30, 1972; June 30, 1875
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ALUMINUK OXIDE, ALPHA (0-~A1,03) (CRYSTALY GFW = 101.9612
SHES = -387.6 ¢ 0.3 keal/mol ALgyls
39,15 * 12.175 £ 0.02 gibbs/mol HESge 4g = -900.5 = 0.3 keal/mol
Tm = 2327 £ b K AHm® = 26,55 £ 1.0 kcal/mol

Heat of Formation

The adopted aHf® is from calorimetric heats of combustion measured by Mah (1) and Holley and Huber (2). Early
measurements of the heat of combustion of Al were seriously biaséd (3), but the sources of bias were minimized in later
studies. These studies yield gHf® values of -400.5 ¢ 0.25 (1), ~400.5 2 0.3 (2), -399.2 & 0.3 (3), and -#02 ¢ Z or
~400.8 ¢ 1.4 (%) keal/mol after conversion to the present atomic weight of AL,

4HE® may be compared with values of -%0l.8 = 1,5 keal/mol and -405.2 ¢ 1.5 kcal/mel derived from equilibriom data
involving gaseous AlCly (5) and crystalline ALF;(§), respectively. Third-law analyses of the data give aHr®(288.15 K) =
Bl.4 ¢ 1.0 keal/mol (entropy discrepancy of 5.0 & 1.2 gibbs/mel) for A1,05{c) + GHCI{g) + ZALCl,{g) + 3H,0(g} and
AHP®(298.15 K} = 99.3 ¢ 0.6 keal/mol (entropy discrepancy of -0.6 & 0.6 gibbs/mol) for 2Alfy(c) + 3H,0(g) = Al,0,(c) +
8HF(g). The value from the latter reaction may be biased by the formation of aluminum oxyfluorides (7).

Heat Capacity and Entropy

Cp® is from Ditmars and Douglas (8) who tabulated functions from O to 1200 K. These functions were derived from
Cp® data (13-380 K) measured earlier (3) on the Calorimetry Conference Sample and new enthalpies (323-1173 X) measured
(8) on NBS Standard Reference Material 720. Entropy and enthalpy were obtained from Cp® based on Si3 = 0.0016 gibbs/mol.

itmars and Douglas (8) derived an enthalpy equation for the range up to 2257 K by inclusion of high-temperature
enthalpy data (1173-2257 X} from West and Ishihara (10). We adopt Cp® as calculated from this equation but modify the curve
slightly above 1700 X in order to make the extrapolation above Tm more suitable. The literature contains many other
measurements of Cp” or H® above room temperature; the thorough comparison of Ditmars and Douglas (3} ineluded some twenty
of these studies.

The adopted functions are confirmed by more recent studies, for example, enthalpy data up to 1300 K (11, 12).and up to
Tm (13-15)}. The new liquid study (15) included crystal enthalpies which deviate by & 0.5% (2071-2203 K) and #0.9:0.5%
{2221-230% X).

Melting Data and Sublimation Data
See Al703(“.
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Aruminum Oxipe, DeELTa (8-ALy03) Augly
(CRYSTAL) GFW=101.9612
;n.; ¥ ecall) '] SR
1, %% o § ~E-WedT  H-iPm sHFe AGP LegKp
0
100
200
298 19.452 12.4100 12.100 000 ~ 398,300 ~ 375.955 275.583
300 19.550 12.221 12.100 PETY - 398.30% ~- 375.817 213,783
400 23.65% 1B.459 12.923 24214 - 398.392 - 368.298 201.229
500 26,127 25,024 14,598 4.T713 -~ 398.25L - 360.788 157,700
600 2T.70¢ 28,937 16,587 7410 - 398.00% - 3%3.318 128.69%
700 28.1784 33.294 18,669 10.238 - 397.71% ~ 345.392 137992
800 29.574 31191 20,745 L3.157 ~ 397,426 ~ 338,510 2,477
2G0 30,197 40.712 22,771 16,147 ~ 397.181 ~ 331160 BC.417
10090 30,718 43.921% 24.728 19493 = 402.061 ~ 323.468 T0.6%4%
1100 3i.168 46.870 26,608 22.288 — 401.723 - 315.628 62,709
1200 31.573 49,599 28.412 25.425 - 401.37%4 - 307.817 56.061
1300 31.938 52. 141 30. b4} 28.601 - 401.002 - 300.034 504440
1280 32.269 54.520 31.798 3l.811 ~ 400.60% ~ 292.281 45,627
1500 32.567 56.757 33.388 35,053 ~ 400.188 - 28%4.560 41460
1600 32.830 58,867 34,915 38,324 - 399.751 - 276,865 37.418
1700 33.083 650.855 36,383 4La618 - 399,297 ~ 269.198 34.608
1800 33.269 H2.THL 37,797 446,935 - 398.830 - 261,557 31,757
1900 33.45% GheT6% 39.158 4B.271 - 398.354 = 253.944 29.210
2000 33.629 66.28% 40,472 51,626 - 397.868 -~ 246.359 26,921
FAN 33.805 67.930 4la7%) 56,997 - 397T.372 - 2384796 24,852
2200 33.980 69.507 42.967 58,387 = 3%6.868 - 231.258 22.973
2300 34,155 Tl.021 b6, 154 6Ll.793 ~ 396,352 - 223.737 21.260
2560y 34,330 T2.%78 45.304 65,217 ~ 395,829 ~ 2162241 19.091
2500 34.51% 73.883 46,419 bB.680 ~ 39%.296 - 208,777 18.2%1
2600 34,701 T5.261 47,502 T2.420 - 3%4.752 = 201.323 16,923
2700 34.8%6 The 5% 48,554 15.600 - 334,197 - 193.8%7 15.69%
2800 35.102 77.827 48,517 19.100 ~ §532.449 - 186.827 L4.426
2900 35,329 79.062 50.572 82,621 -~ §31.344% - 172.432 12.995
3000 35,566 80.26% 51.542 Bbak66 -~ 530,223 - 160.072 1l.661

June 3¢, 1975

ALUMINUM OXIDE, DELTA (6-A1,0;) {CRYSTAL) GFW = 101.9612
aHfy = [-395.621) keal/mel A Ly ] 3
. R : . - N
Syqg.1s ° [12-1x1]1 gibbs/mol SHEZgo 1o = -398. 321 keal/mol
Tm = [2308} K aHm® = £22.3] kcallmol

Heat of Format:
SHE® is calculated from that of @-Al,0, (1) using aHr

: = -2.720.% kcal/mol for the irreversible process é+a, This

378
yields AHr;ga = ~2.2 kcal/mol based on our adopted functions. Yokokawa and Xleppa (2) determined &Hr® for the two crystalline
forms from the difference in their heats of solution in an oxide melt at 978 K. DTA studies by Gani and McPherson (3) gave
AHp® = -2.8%0.5 kcal/mol- Assuming T = 1400 K, we derive AHPEQB = -1.8 kecal/mol. This confirms the calorimetric result. Both

samples of §-Al,0, had been obtained by rapid quenching from high temperature, one (2) from combustion of Al,Cy and the other
(3) by a plasma method.

Heat Capacity and Entropy

Cp® is assumed to be 32 larger than that of u—Alzoa(_;) by comparison with the observed values for <—A3203(_’U and the
adopted values for Y‘“zoa(-l-)- $* is selected such that AGr® {r+8}<D below Tm and AGr®{(4+a)<0 at T <2400 K.

Marchidan et al. (&) measured enthalpy data (573-1177 K) for a sample designated only as TA-600 alumina. They attributed a
transition at +993 K (720°C) to the irreversidble process n+8. This temperature corresponds roughly to processes designated
as either (¥ or n}+@ or y=$8 by Lippens and Steggerda (§). DTA qata of Alevra et al. (§) showed an endotherm near 750°C sudb-
sequent to the dehydration of hydroxide samples; however, TGA data indicated that the resulting alumina still retained con-
siderable water at this temperature. The enthalpy data (4, 1003-1177 K) are 4.7:0.3Z larger than those of n-Alzoa(_l_) and
presumably correspond to &n aluminavcontaining a significant amount of water. The 5’“203 used in 4Hf® studies was presumably
essentially anhydrous. Thus, we omit the enthalpy data (4) on the presumption that they are larger than those of our standard
state which is anhydrous §-A1,04.

Phase Data

The stable crystalline form is corundus (g-alumina). Delta-alumina is one of several structurally related, metastable
forms, These cccur in "active alumina” and are much studied (5§} due to their importance in adsorbents and catalysts., Lippens
and Steggerda (5) summarized the classifications of metastable forms, their crystal structures and conditions of formation by
dehydration. Mixtures of the clesely related &~ and 8-aluminas are also formed by rapid cooling of droplets of molten
alumina following their passage through a flame (7). There is some controversy (5) over the X-ray data and unit-cell dimensions
of 6—1\1203 formed by the two methods. Recent data {(8) for B—Alzus(é) suggest a similar controversy. Delta-alumina belongs
to the "pearly anhydrous”, high-temperature classification (5) based on the temperature of 600° to 900° at which it forms during
dehydration. The irreversible transitions &+8(+al}+e are thermally activated at temperatures of 800°-1050°C for the first step
(5, &) and ~1200°C for the final step {(§).

Melting Data
The hypothetical melting point of metastable §-phase is calculated as the temperature at which 4Gr®{(é+£)=0. aHm® is the
corresponding difference in AHE".
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or 1.047, respectively. The authors' assumption (12) concerning the structure of Y-A1,0,{9) is overly simplified.
Phase Data

ALUMINUM OXIDE, GAMMA (Y—Alzﬂa) . (CRYSTAL) GFW = 101.9612
AHES = £-393.121.51 keal/mol Acylg
ALuminum OxipE, Ganma (y-AL,03) AL,03 S39g.15 = [12.522 gibbs/mol 2HF3o0 1o 5 -386.021.5 keal/mol
Tm = £229 X ® = [18.77 1/m
(CrysTaAL) GFW=101.9612 L2290 sHm® = [ 3 keal/mol
Heat of Formation
AHE® is caleulated from that of cx-Alzo3 (1) using L\H(‘;.,B = -5.3 kcal/mol for the irreversible process y+u. Yokokawa and
I Kleppa (2) determined 4Hr® for the two crystalline forms from the difference in theip heats of sclution in an oxide melt at
& . o AHE AGP Log K 878 K. This yields alirpgg = -4.5 kcal/mol based on our adopred functions. DTA studies by Gani and McPherson (3) gave
T, °K Cp § AG- T H-He P OHr®{yra) = -5.8:1.6 keal/mol. Assuming T = ~1400 K, we derive 8Hrjey = -b.4 kcal/mol which confirms the calorimetric result
log (2). Yamada et al. (8) used dynamic, adiaba calorimetry To measure Aﬂr;,,a = 12.621.1 keal/mol for Al,0,-H,0 (¢, boehmite)
200 * ALy03Cy) ¢ Ep0(g). Using enthalpies from (%, 1) and ‘4Hfjq, (boehmite) = -472.0 keal/mol (5), we derive aHrhge = 17.5821.3
296 19.773 12,500 12.500 <000 - 396.000 - 373,775 273.584 kcal/mol and aHfygy (y-Al,0;) = -396.7:2 keal/mol. This gives independent confirmation of SHES.
ED 1y 19.873 12.623 12.500 037 = 3596.00% ~ 373.637 272,195 We adopt A”EEQE(Y"A]‘ZOH) = -396.021.5 kcal/mol and OH!‘EQB(Y’G) = -%.5 kcal/mol. These values derive (2) from the highest
400 24.064 13.964 13.337 2,251 - 396.055 -~ 366u.l6¢ 200.062 et . ; = - N g - .
So0 25.558 24. 621 15.03% %.761 - 395.874 - 358,709 158,791 igrition temperature prior to the appearance of a more stable phase (x- or a Alzog) in the sample. This standard state should
involve maximum attainable crystal development and minimum residual water. y-aiumina shows much variability depending on its
500 284163 29515 1T.06L T.532 - 395,583 - 351.303 127.962 y : - igniti . ol s ; "
700 29,259 34,043 192377 10,407 ~ 395.245 — 343.948 107,385 thermal history. Lower ignition temperatures gave values of aMr (y»a) more negative by as much as 2.5 kecal/mol (2). Other
g0 30.063 38,005 21.287 134374 — 394,909  — 336,644 91.967 reported values of aHr®(y>s), including -U.5 to -7.5 (3), -7.7 (6), -11.0 (73 and -7.8 (8) kcal/mol, tend te be skewed toward
500 30,695 41,584 23,347 16.413 - 394.615 = 329.379 79.964% s . h e . . . i . .
1000 31.223 4. Bak 35.336 19.510 - 399.425 ~az1.777 10,324 more negative values. Thess valuss correspond to less stadle samples, presumably with more residusl water and %ess well
developed crystal structure. This is consistent with aHv;QB = -38822 keal/mol observed (&) for p'-Al,0, which is nearly
1100 31.0682 4T 844 27.248 22.655 - 399.056  — 314,031 62,392 anorphous ’
1200 32.u%94 53.618 29,081 25,845 - 398.65& - 306.320 55.788 "
1300 32.465 53.202 30.838 29073 - 398.230 - 293.641 50.206 Hgat Capacity and Entropy .
14po 32,801 55,621 32.523 22.336 - 397,780 - 290.996 45,427 o - N L u r _ — N . aCtami et su .
1500 33.104 57 ge4 340139 35,632 - 397.309 - 283.387 41,289 Cp°® is assumed to be 4.7% larger than that of a AL,04(1). tructural and related charscteristics (3) suggest that
Cp®(Y)>Cp® (k) which in turn is ~2.2% larger (1, %) than Cp°(a). Our estimate is derived from Marchidan et al. {18} who
1600 33.372 60.039 35.692 38,956 - 396.818 -~ 275.808 37.674 e . 503-1177 K) whi S s - ' s ) .
1700 33, 609 62,078 37, 184 2305 - 396.310 - 268.260 36,487 measured enthalpies (100! %1 K} which are 4.7:0.3% larger than those of & Al,0;. $° is estimated such that a6r°{(y+a)<0
1800 33,818 63,997 38,621 45.6T7 - 395,788 ~ 260.740 31.658 at TL2W0C K. This is consistent with observed stability relationships (3, 27.
1500 34,007 65,830 40,005 49.068 - 395.257 - 253.253 29,131 - . o) m ot . wta (573-11 N A-600 o o
2000 34,185 61,579 “i. 340 52.478 - 304,716 - 245.796 26.859 Marchidan et al. (19} measured enthalpy data (573-1177 K) for a sample desipnated only as TA-6500 alumina. They attributed
a transition at 993 X to the irreversidle process n+é. Contenporary studies (11) from the same institution lead us to presume
2100 34.363 69.251 42.634 55.905 - 3944164 - 233.363 24,807 60 s : Dot Esean - - . ie: he Tlow. et feom i
2200 36,541 70,554 AV 8TT 59.350 - 393.605 - 230.959 22.944 that the TA-600 sample retained a significant amount of water even above the transition. The "low temperature"” forms y and n n
2300 36,719 72,393 45.083 52.813 -~ 393.032 ~ 225.574 28,244 are difficult to distinguish (2); they retain more water {9, 11) than the "high-temperature" forms. This may explain the T
2400 34,897 73.875 46.252 66,294 - 392,452 - 216.217 19,5689 ! _ s . ) . - g 7.4 57
2500 35,085 75.1303 47.336 68,793  ~ 391.863 - 208,893 18, 261 unusual enthalpy data attributed (10) to n Al,04; these Jeviate from o Al,0; by *1Z.u4% at 573 to 620 K and then decrease >
linearly to +3.8% at 991 X. These data do not seem suitable for standard-state y-AL,0, having minimum water content and @
2600 35,2713 76,683 48,486 73.311 - 391.261- - 201.583 16.945 s . o . ~ . fant . - R} .
2700 35,472 7eu018 a5. 555 To.848 - 390.645 - 194,391 15.728 maximum crystal development. We adopt instead the constant deviation of +4.7% found at higher temperature. 11
2800 35,682 79.311 50. 595 80,406 - 528.844 - 185.379 l4.469 The adopted entropy of 12.5:2 may be compared with the value a§°(awy) = 1.56 gibbs/mol estimated by Borer and Gunthard .
2900 35.912 80,568 51,607 B3.985 - 527.680 - 173.134 13,048 P Faast and v fe i ° < - . N . ° -
3000 36.153  #l.789 52,593 37.588 - 526.501 - 160.925 11.723 (12) for the "defect” spinel structure of y-Al,0;. This yields $30,(y) = 137 or 14.3 gibbs/mol assuming Cp°(¥}/Cp°(a) = 1.00 |
==
H

Dec. 31, 1985; June 30, 1972; June 30, 1375

The stable crystalline ferm is corundum (@-alumina), Gamma-alumina is one of several structurally related, metastable
forms. These occur in "active alumina” and are much studied (3) due to their importance in adsorbents and catalysts. Lippens
and Steggerda (3) summarized the classifications of metastable forms, their crystal structures and conditions of formation by
dehydration. “Low~temperature" forms y and n have similar X-ray diffraction patterns. Their nomenclature is ¢onfused in the
literature., The term y—A1203 has been applied to either form and as a generic term for all low temperature forms. y and n
are often poorly crystallized and difficult te distinguish (3). They retain various amounts of water (9, 11) depending on their
thermal history. The low-temperature forms are obtained by dehydrating temperatures not exceeding $00°C and change irreversibly
to "high-temperature" forms (&, € or #) at $00° to $08°C (g, 11, .

Melting Data ’

The hypothetical melting point of metastable y-phase is calculated as the’ temperature at which aGr*(y+£) = 0. aHm® is the

corresponding difference in aHE®,
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AruMminum Oxtoe, Kappa (k-AL5037) AL,yl3
(CrysTacr) GFW=101.9612
. Kealimod
T,’K < 5 G -HouT  H-Hme AHP AGP Log Kp
¢
100
200
298 19. 300 12.800 12.800 2000 =~ 357,300 - 375.16% 275.003
300 19.399 12.920 {2,800 L0368 - 397,306 - 375.027 273.207
400 23.470 19.10% i3.617 2.197 - 397.409 ~ 367.57% 200.434
500 25.92% 24.632 15.279 4.676 ~ 397.288 - 360.128 157,412
600 27.491 23.506 17.252 7.353 - 3%7.062 ~ 352.7T17 128.477
700 28.561 33,829 19.317 10.158 - 396.794% ~ 345,346 137.822
80C 29.345 371.696 21.327 13,055 ~ 396,528 - 338.017 92.342
900 29962 41.189 23.388 16,021 = 396,307 = 330.716 80.309
100 30.477 44e374 254330 19,044 - 401,191 ~ 323.070 70,607
Lioo 38.926 47,300 27.196 22.11% -~ 400,897 - 315.274 62,539
1200 31.327 50,008 28.985 25.227 - 400.576 - 307.505 56,004
1300 3L.6%90 52.530 30.700 28.379 -~ &00.22% - 299.762 50.395
1400 32.018 54,891 32.34% 31.56% -~ 399,852 - 292.047 45,591
1500 32.314 57.110 33.923 34,781 -~ 399.46&0 - 284.362 bla%32
1600 32.57% 99,204 35,438 38.02¢ ~ 399,049 - 276,702 37.796
1700 32.806 &1.186 36,895 41.29% ~ 398.620 ~ 269.068 34,591
18090 33.011 63,067 3B.297 44,586 -~ 39B.1T79 - 261.457 31.745
1900 33.195 &4, 857 39. 648 47,897 - 387,729 = 253.875 2%9.202
2000 33,358 b6, 564 40952 51.225 ~ 397,269 - 246.31% 26,916
2100 33.542 68. 196 42.210 54,570 ~ 396,759 -~ 238,783 24,850
2200 33,716 a9.7el 43,427 57.933 ~ 396&.322 - 23L.27C 22,975
2300 33.8%0 71.263 44,605 61.313 ~ 395,832 ~ 223.77% 21.263
2400 34,063 72.70% 450 T4k 65,711 ~ 395,335 - 216,303 19.697
2500 34,247 74,103 4be 853 68.126 ~ 394,830 - 208.860 18.259
2600 34,431 T5.450 47.927 T1.560 ~ 394,312 - 201.428 [6.932
2700 35,625 76,753 48,571 75.013 ~ 393.784 - 194,022 15.705
2B00 36,830 78.018 49,985 78.488 ~ $32.0&6% ~- 184,972 14.438
2900 3%.055% 73,242 53,973 81.980 - 530.986 ~ 172.596 13.007
EDI 35.290 80,435 51.936 85,497 ~ 529,892 ~ 160,253 Lle.o7s

dune 30, 1955

ALUMINUM QXIDE, KXAPPA (K-Alzoa) (CRYSTAL) GFW = 101.8622

AHEL = [-394.%21] keal/mol ALo03
3595_15 = [12.8211 gibbs/mol ‘\'HF;SH..LS s ~397.321 keal/mol
Tm = [2312] K AHn® = [21.8] kcal/mol
AHE® is caleulated from that of 4-83,0,(1) using :&Hr"g.ia 7 -3.6 keal/mol for the irreversible process xea. This yislds
aHrzgs = ~3.2 keal/mol based on our adopted functioms. Yokokawa and Kleppa (2) determined aHr® for the two crystalline forms
from the difference in their heats of solution in an oxide melt at 978 X. Yamada et al. (3) derived AHE;SB = -397:1 keal/mol
from the same data.
Heat Capacity and Entropy
Cp® (380 to 1110 K) was measured by Takshashi et al. (k) using a dynamic, adiabatic calorimeter with an open-type
container for the sample. Reproducibility of the data was reported to be within =1.5% up to 1100 K. We represent the observed

data by a Cp° curve which is 2.2% larger than that of a-A1,04 (1). Deviaticns from the adopted curve exceed 1.0% for only
3 of the 3§ points (4): i.e., -1.€% (too K}, +3.4% {(993.8 X) and +1.3% (1070.8 K). Takahashi et al. (%) prepared their
#-AL,0y by dehydration of tohdite (Al203-l/5HZO) 4t 840°C under a vacuwm of 1g”° torr.,

$" iz selected arbitrarily so that 4Gr"(k+a) = 0 near 2400 K. This is consistent with the view that x-phase is unstable

with pespect to da-phase at all temperatures below Tm.

Phase Data

The stable crystalline form is corundum (g-alumina). Kappa-alumina is one of several structurally related, metastable
forms. These occur in "active slumina' and are much studied (3} due to their importance in adgorbents and catalysts. Lippens

and Steggerda {(3) summarized the classifications of metastable forms, their crystsl structures and conditions of formation
debydration. Okumiya et al. {8) recently published an extensive study on the formation and structural relations of x-Al,0
and its precursors <'-&1,0; and tohdite. Kappa~zlumina belongs to the "nearly anhydrocus", high-temperature classification

(5) based on its formation temperature of 900° to L000°C (somewhat lower.in vacuo) . The irreversible transiticn k-a is

by

3

thermally activated at ~1200°C (2, §). Thermochemical studies cited in this table presume that the samples of K=-A1,0, were

essentially anhydrous.

Melting Data

The hypothetical melting point of metastable x-phase is calculated as the Temperature at which aGp®(x+2)=0. sHm® is the

corresponding difference in aHf".
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Acuninum Oxipe (ALp03g) ALy 03
(Liavip) GFW=101.9612
o
T, K oy § (G -HwellT H—H'me AHE AGE Log Kp
]
100
200
298 18.885 18.541 18.5%1 +000 ~ 383.T40 - 363,286 266,235
300 18.981 18.658 18.5%1 2035 - 383.716 ~ 363.159 264.561
400 22.965 24,714 19,340 2,150 - 383.866 - 356,275 194,659
500 25,366 30.118 20,966 %s57H ~ 383.79% - 349,382 152.715
600 26,4899 34.887 22.897 7.194 - 3B3.631 - 342.51% 124.786%
tao 27.9%0 39117 24,918 9.939 ~ 383.422 - 335,676 104,803
800 28.713 42.%01 26,933 12.774 - 383.219 - 328.871L 89.843
300 29,317 46,309 26,901 15.677 - 383.061 - 322.087 78.213
K000 29.821 49:435 30,801 18,634 ~ 388.010 ~ 3l4.351 68,0832
1100 30.260 $2.298 32,626 21.638 -~ 38TF.782 - 307.658 s1.1286
1200 30.5653 54,948 34,377 24.684 - 387.524 = 300.385 54,708
1300 31,008 57.416 36.056 27.788 - 387.245 ~ 293.134% 49,280
1400 31.329 59.726 37,665 30.885 ~ 386.%941 - 285.905 4%.632
1500 31.618 6Ll.897 39.209 3%.032 - 386.618 ~ 278.701 40.607
1600 31.874 63.946 40, 691 37.207 = 386.277 - 27L.517 37.087
L1700 46.000 66735 42a 152 40807 ~ 384.518 - 264,398 33.991
1800 46 Q00 69,364 43.582 45,407 ~ 382.768 -~ 257.380 31,250
1900 46.000 71.851 45.00% 5L.007 ~ 33k.028 - 250,463 28,810
2000 46.000 T4.211 46,407 55,607 ~ 379.296 ~ 243.639 26.62%
2100 %6.000 T&a %55 47.785 60.207 - 377.572 - 236.898 24.6%4
2200 46,000 78.595 49,537 54,807 - 375.858 - 230.241 22.872
2300 464000 _ 80.690 __ 50.462 . §3:407 - 374,148 - 223856 21,252
2400 46.000 82.597 51.761 T4.007 ~ 372.4%9 - 21T.148 19.774
2500 46,000 84,475 53,032 18.607 ~ 370.759 - 216.719 18421
2600 46,000 86.279 54,276 83.207 ~ 369.075 - 204,347 LT.177
2700 %6, 0G0 88.015 <55, 494 87.807 = 367.400 ~ 198.066 16.031
2800 46.000 89.488 56,688 $2.407 - 5064.552 ~ 190.142 14,861
2900 46000 L.302 57.0852 $7.007 = 5024368 - 178,953 13.486
3000 46000 92.862 58.993 10L.607 - 500.192 - 167.835 12.227
3100 46000 94.370 &0, 140 ie6.207 ~ 498,021 - 156.791 11.05%
3200 46000 95.831 $1.203 119.807 - 495,858 - 145.819 Q959
3300 46,000 97.246 L2, 274 LS. %07 - 433,701 - 134,914 8.935
3400 4£6.000 96,619 63.323 120.007 - 49L.554 ~ 124.078 T.976
3500 &6.000 99.953 64,351 124,607 - 489,409 ~ 113,303 T.075
3600 46,000 10L.2%%9 65,358 i25.207 ~ 487.272 - 102.%80 6.227
3700 46.000 102.50% 66,345 133,807 ~ 485,141 - 91.927 5.430
3800 46,000 103.736 67313 138.407 = 483,016 - B1.327 4,677
3900 46.000 104,931 58,262 143.007 - 480.8%4 ~ 70.782 3.967
4000 46,000 106,095 69,193 LeT.607 - 478.782 - 60.299 3.295

Dec. 31, 1960; Sept. 30, 1861; March 31, 1364;
June 30, 1872; June 30, 197§

§
ALUMINUM OXIDE (Alzos) (LIQUID) GFW = 101.8612
= 1B.5%1 gibbs/mol AHf;SQAls = =383.710 kcal/mol A L?_ 03

.
S298.15 =
Te = 2327 ¢ 6 K aHm® = 26.55 & 1.0 keal/mol

Heat of Forma
aHE® is calculated from that of the crystal by adding shm® and the difference in (Hj;,,~Hjgg ;) for crystal and liquid.

Heat Capacity and Entropy
Enthalpy data for the liquid include those of Shpil'rain et al. (1, 2, 2326 to 310¢ X), Sheindlin et sl. (3, 2350-2800 X3,

Kantor et al. (¥, 5, 2337 to 2880 X), and approximate values of West and Ishihara (§, 2345 to 2435 K). The latest study (1, 2
is the most extensive. It satisfactorily pesclves the diserepancy in Cp® which was reported earlier to be ¥7.7 (3) or 34.6 (%)
gibbs/mol. The new data (1, 2) yield 46.0 givbs/mol, assuming Cp° is independent of temperature. Although Shpil'rain et al.
(1, 2) derived a Cp® which decreases linearly with increasing temperature, this does not significantly improve the fit of the
enthalpy data. The apparent value of the temperature coefficient of Cp® is very data dependent; it changes sign on omission of
the point at 2326 K (2323 K, IPTS-48),

We adopt Cp® = 6.0 gibbs/mol. Compared to our adopted functions, the enthalpy data deviate by <:1.0f (1, 2}, -0.% to
-0.1% (3, equation), +2.4 to +0.2Z (¥, 5) and +2 to +5% (B). We assume a glass transition at 1600 K, below which Cp* is taken
to be the same as for Al,0,(c, @). The entropy is calculated in & manner analogous with aRf®.

Melting Dats
Tm = 2054+6°C was recommended by Schneider (7) as the result of a cooperative measurement of the melting point by

nine groups in séven countries. We adopt this value. Tt is confirmed by several recent studies (e.g. 8-10); however, Nelson
et al. {}1) suggested the possibility that Tm may be somewhat different in an oxygen atmosphere than in inert gases or vacuum.

AHm® is the difference at Tm between the adopted enthalpy fits of “203(” and Al,0,{a}. Reported calorimetric values of
sHm® include 25.781.3 {1, 2), 25.9 (3), and 28.3:0.65 (4, 5} ksal/mol. '

Sublimation and Vaporization Data
Vaporization of Al,0;(a} and Al,0;(%) has been studied by several methods (12-18). ' Additional references are cited by

Farber et al. (14} and Burns (16). Vaporization is considered to be congruent but the vapor composition is complex (14, 18).
Atomic species predominate below Tm, but molecular species (e.g., Al0 and Al,0) become increasingly important at higher
temperatures. For the crystal the average vaporization coefficient is a < 0.3 (12, l4-18).
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Boron HyprIDE Oxipe (HBO) BHO
(Ipea. Gas) GFW=27.8174
by cal/mol
1,°K fomd § (G -HwelT  H-Hms anr AGP Log Kp
ad « 000 JO00  INFINITE 24188 - 4T.2%7 “7a247 INFINITE
100 b.36% ©3.30% 56,249 Lak 94 - 47,285 484019 Luka945
2040 To469 ©5.2640 49.139 =780 ~ 47,300 48,757 53.279
298 B8.427 48.400 46,400 2000 ~ &7.400 49.454 38251
300 Babas 4B.452 48,400 =016 ~ 47,402 %9008 36.037
400 F.303 51.003 48,742 +F05 - 4T.538 500130 2¥e35a
500 10.003 53.157 49,415 1.871 - 47.700 50.707 2241%0
600 10.598 55.03¢ 50.193 2.902 - &T.871L GLe365 18.710
760 1le1l8 56,708 531.011 3,983 = 48,061 51.933 i6.214
800 11.570 58,223 514819 54123 ~  4B8.203 52.479 14337
200 11.965 59.609 524609 02306 = 48,355 53.004 12872
1000 12.307 60887 53.373 T.514 - 48699 53512 1Le695
1100 12,603 52.075 Séalll 8.750 - 4B.839 54.007 10-730
1200 12.859 63.183 54,821 10.033 - 48,775 544483 Fe 924
1300 13.079 64,221 55.505 11.330 -~ 48.913 54.960 9e 240
1400 13.26% 65.197 564163 12,648 - 49,051 55.419 Bao51L
1500 13,435 66.118 56.796 13.983 -~ 492196 55.869 8a1%0
1600 13,577 6609390 57408 15.334 —~ 49,345 56.309 Teo%l
1700 13.701 67.817 57.994 16.698 - 49,501 56.739 Te29%
1800 13.810 68,603 58.562 18.074 - 49,663 57.10l boFed
1900 13.906 69.353 59.110 19.460 49,831 57,573 ba022
2000 13.990 70.068 59,641 204835 - 50.002 57.976 6+335
2100 14,364 70.752 50,154 22,257 - 50,179 384370 6075
2200 14,130 Tl.%08 ©0.650 23,667 ~  35@.36l 5d.756 5.837
2300 14,189 72.038 61.132 25.023 -~ 50.548 56,134 5619
2&G0 14.242 T2.4643 61599 26.505 - 50.74l 59,501 54418
2500 14,289 T3.225 62.052 27931 - 56,327 59.755 5224
2600 14.332 73.786 624493 29,303 - 56,521 59,868 5:05%
2700 14%.370 T4.328 424921 30.798 -~ 56.7L9 8J.012 a.n5y
2800 14,405 T4sBSL 63,338 32.236 - 56,918 40133 b9
2900 [4.437 75.357 G3a 744 33.679 - 57,219 80.240 “2540
3000 Lo 46d 15.847 64,139 35,124 - 57.322 40.347 4396
3160 14,492 760322 64,525 36.5%2 - 57.527 60.4%5 He261
32Q0 [4.517 T6.742 8% .00 38.022 = 57.734 40.538 “sid%
3300 L4500 T1.229 6542567 394475 ~ 571.34% 40.6186 42015
3400 14,561 TT.6b4 65,628 40,930 -~ 5B.1l5& 50,897 3.902
3500 14,581 7d.086 65.970 422387 = 58,370 80.770 3.795
3500 14,600 TB.497 66,318 43.848 - S8.587 60.83% 3093
3700 14.619 78.898 66,652 45,307 - 58.806 §0.6893 3.597
3800 14.636 79.288 $65.980 %6. 770 - 5%.027 604945 3505
3900 L4.8654 79.668 &7.330 46,234 - 85,751 5Q0.9%6 3eals
4000 14.671 B80.03% 6T.614% 49,701 — 180.655 58.8%2 3ecli8
%100 14.688 80.%402 67.922 Ska16% = 180.652 55.849 2-977%
%2400 14,706 80.758 58,223 52.638 ~ 180,497 $2.8G1 FERL Y]
4300 14.72% 8L.102 68.518 44,110 ~ 183,649 49.758 24529
4400 1é.Ta3 Bloba) 68,508 55.583 - 183.652 464715 2320
4500 14,7862 81.772 ,69,093 57.058 ~ 160.45%6 43.673 2ai21
“500 14,783 82,097 69.372 58,538 ~ 180.661 40.626 1.930
4700 L%.80% B2.415 69,646 60,015 ~ 180.566% 37.5380 Le¥47
300 14,827 82,727 $9.915 bla%90 - 18G.877 3a.534 1572
%900 14.851 #3.033 70.180 82.9680 ~ 180,867 3L.495 Lna(5
5000 14,877 83.333 TO. ekl ababn? - 1B0.498 28,649 La24%
5100 14304 83.628 T0.6986 65,956 - 180.7il 25,401 1.089
5239 L4,934 33.918 70,947 6Ta%44 —- 180.T&3 222359 By ATs)
3300 14,365 84,203 71,195 680943 = 180.735 19.311 2796
54600 14,398 Je.483 Ti.438 10a%%1 - 180.75¢ Les2e9 2658
5500 15.03% Be, 758 TL.678 TL.9e2 - 180.702 13.217 525
5600 15.071 85.029 Ti.914 13.a47 ~ 180777 10,178 337
5700 15.111 85.297 T2elat T4.957 ~ 180.790 7.129 273
5300 15,153 85.560 72.375 16.470 -~ 180.304 4,082 2154
5900 15,197 B5.819 72.601 Tr.997 130.818 1034 aJ38
6000 15,264 86.075 T2.823 79.509 ~ 180.827 2,014 au?3

Dac. 31, 1960; Dec. 31, 1964;

Dec. 31, 1975

BORON HYDRIDE OXIDE (HBO) {IDEAL GAS) GFW = 27.817%
Point Group
S;aa.).s = (48,4 2 0.5] gibbs/mol

. - . P
{mo AHf?QS.lS = -47.% + 3.0 kcal/mol
Ground State Configuration {°@]

Electronic Levels and Quantum Weights Vibrational Freguencies and Degeneracies Bend Distances: H-8 = [1.17] §
e, ot g g, emt 8 8, cm” H-Q = {1.15] A
[ fo8] 135300 [ [28021(1) Bond Angle: H-3-0 = [180°) o =1 a4
{30000} £2] {40000 £31 757 (23 Rotational Copstant: 8, = £1.3u111)em

Eeat of Formation 1822 (1)

We calculate 3HEf® from a selected value (-‘17.95 keal/mel) for the heat of formation of DBQ{g) by combining this value
with zero-point energies and relative enthalplies (HEQB"E(')) for HBO, D,, DBQ and H,. AL aacillary data are from JANAF (1)
unless otherwise indicated. The zero-point energies are estimated as one-half the sum of the vibrational frequancies. The
vibrational frequencies for DBC are taken from the matrix-isolation results of Lory and Porter (2). We assume that DBO and
HBO have similar structures, and we calculate the relative enthalpy for DBO as (H;gs-Eé) = ~2.27 keal/mol. Dats for D, are
taken from a NBS compilation (3).

The selected value of 4Hf® for DBO is obtained from the results of a mass-spectrometric study (4, §) of the reaction of
Dz(g) with B 03083, The thermal results which were initially reported (M) for a study of the reactions (Al Dz(g) + Bzosu) =
DBO(g) + DOBO(g) and (B) D,0{(g} ¢ B,04{2) = 2DOBO(g) are unreliable due to erroneous equilibrium constants. BSecond-law heats
for these two reactiohs have been reported in revised form in a later publication (5. Apparently, no «ttempt was made in
this study te perform calibration experiments which would have allowed the ion intensity data to be convertad to absolute
partial pressures; thus, precluding a third law analysis. We combine their second-law values {§) for aHr at 1296 X for re-
actions (A) ard (B) to give M‘Zrlz% = 13524 kcal/mol for the process sz(g) + 3203(“ = 2DBO(g) + DZG(g). Corrected to

298.15 X this value is 1¥4.1 kcal/mol which leads to aHE3 (DBO,g) = -47.95£2.3 kcal/mol with aHFSge(D,0,g) = -59.581:0.02
keal/mol (3} and aHE;oq(B,0;,4) = -299.56: 0.6 keal/mol (1).

Compariscn of values for the stretching force constants in EBO, 5H3(§), B0, and 5202 (1} suggests a similarity in the
bonds of these molecules. Using D;sa(ﬁuﬁ) = '15;“(3143) = 87.9 kcal/mol and Djgo(B=0) = (Djga(B0) + B;es(szozniz:zoz keal/mol
(i}, we calculate a heat of atomization for HBO of 28%.¢ kcal/mol. This cerresponds o Ah’fgga(h'ﬁo,g) = -48.% keal/mal which
lends support to the experimental measurements of Farber et al. (4, 5). Previous JANAF estimates (7} of 3Hf® via bond energy
calculations led to results which were too pesitive due to the use of an inaccurate value (168 kcal/mel) for D° of B=Q., A
recent ab-initio LCAG-MO-SCF investigation (8) of K80 yields sHa = 232.7 kcal/mol; howevar, this value does not include a
contribution from correlation effects (9, 16) and therefore is toc low.

Heat Capacity and Intvropy

The B=0 stretching (v,;) and bending (v,) frequencies for the isctopes #2180 and 11%0 have baen measured in a low-
temperature argon matrix (2). These values are corrected for the natural issctopic abundances of boron. The H-B stretching
frequency (vl) is calculated from an estimated force constant by the valence force method (10}. The stretching force constant
Kl is estimated from the ratio Kllkn/tlz? = 17.47 which is the value we calculate for DBO from the measured frequencies of
Lory and Porter (2). These workers (2) used a slightly different value for K, snd obtained a value for vy which is roughly
50 em™t higher than our result. We believe our estimate is probably more nearly correct, since it agrees much better with
the H-B stretching frequency (23038 cm_l) observed for BHB {8). MO calculations show that the pattern of valence orbitals for
HBC is similar to that in HCN (8) and HCP (11, 16). The ordering is substantiated by the photoelectron spectra {(12) which

have been observed for HCN and HCP. This suggests that the ground and excited electronic states for these iscelectronic
molecules are quire similar. We assume that the ground state configuration is 1::* by analogy with those for HCN and HCP {1).
We alse include three triplet levels which are estimated from those observed for HC? (1) and predicted for HCN (13}.

There have been no measurements reported for HEBO which provide direct experimental information on its structure. However,
the millimeter~wave spectra of the related species HBS (14} have been obseprved. These results show that this molecule is
linear and has a B=S bond length which is 0,01 A less than that for BS (1). We assume a similar decrease in r (B=0} for the
HBO-BO pair, and we obtain r (HB=0) = 1.19 A with ro{B=0) = 2.20 A {1). The H-B bond length is assumed the same as that for
HBS (;_&2. Ab-initic calculations (8) of bond lepgths for HBO by an optimization procedure predict values only slightly }cuer
(+0.01 A) than our estimates. We note that bond lengths computed by this procedure are nermally slightly lewer (v8.005 &) than
the true values as indicated by the results for HCP (16} and HBS {(17). By analogy with HBS (14}, we assume H30 to be linear.
This assumption is in agreement with predictions from the Walsh diagram (1§} for HA3 molecules with ten valence electrons. Ia-
direct evidence available from product rule calculations (2} alsv tand to support a linear configuration. The moment of in-

ectia is 2.0871 x 1073°% g om?.
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+ +
Boronw Hyopripe Oxipe Untrpos, Ton (HBOT) BHO
(IpeaL 6as) GFHW=27.8169
keal/mol
2l

T,K oy §  ~(C-WmT  H-Hrms anr aGr Log Kp

]
109
200
298 B304 51.255 51.255 - 000 263.830 279.437 - 204.833
300 8322 51307 51.256 =015 263,836 219409 ~ 2(_)3.569
400 9.250 53.831 51.593 «895 284,169 277.880 ~ 151.826
500 104041 55.982 52.261 1.861 284,523 2T0.264 = 120755
600 104711 STo87% 53.042 2,899 284.856 2744581 -~ lOU.0l6
Tc0 11.282 59,569 53,855 42000 285.197 2724842 ~ 85.185
800 11.767 61,108 54.607 5153 285.550 271,052 - 7’0.0‘@
900 12.181 62.519 554462 62351 285.918 269,218 - 1?5-375
1302 12,534 63.821 564234 7.587 2864291 267.3%% ~ 58,429
1100 12.837 65,030 56,979 BaB56 2864671 2654430 = 52,736
L200 134099 6641593 57,098 164,153 28T.054 263.483 ~ 47,987
1300 13.328 6T.2168 58.390 L1.474 287,438 261.502 -~ %3.962
1400 13.529 68,211 5%9.056 12.818 267.822 259.494 -~ 40,549
1500 13.707 69151 59.698 14,479 288,201 ?57.&56 - 37.511
1600 13,865 70,041 504317 15558 288,574 2554394 ~ 34,885
ifoo 14.007 70,886 60.916 16952 288.947 253.30% - 32.545
1800 14.134 T1.690 651,450 182339 289,313 251.20% = 30,500
1800 144249 72457 82.048 19,778 289.4676 £49.0715 ~ 28,850
2000 14,352 T3.191 62.587 214208 29G.036 2460929 ~ 26.933
2100 14. 446 73,883 &3.108 222648 290.393 2442765 - 25.473
2200 14.530 T4.567 63.614% 24,097 290 ¥Aa7 242.583 - ?6.%)98
2300 14,606 75.215 54,104 256594 291.0%8 240.386 - _42.842
2400 L4675 75.838 64,580 27.018 231 445 238.176 ~— zl.yd?
2500 1%.737 T&a438 65.043 28489 2864400 236,056 =~ 20.%36
2600 14,793 FT.017 65,692 29.965 286,746 234,035 ~ 19.072
2700 14.8%3 T7.277 85,930 31,4567 287.093 232,003 -~ 18.779
2800 14,388 T8.117 86,355 32.934 287,438 229955 ~ 11,949
2900 14,929 TB.bb1 66.770 34,425 287.783 227900 - 17.175
3¢00 14965 73147 87,174 350919 2884126 225,827 -~  16.451
3ic0 16997 T9.638 67.568 37417 2584468 283.F42 ~ 15.77%
3200 15,026 B0 115 67,953 38.919 288,808 221.650 ~ 15.138
3300 15.052 80.578 £8.329 40a423 289,147 2194547 ~  1%.560
3400 15,075 al.028 884695 “Le329 2B9.433 217433 = 13.97¢
3500 15.095 8l.465 696054 434437 289,817 215307 - L3.444
3600 15,113 81.890 690405 G 968 290.168 213175 -~ 12.961
3700 150129 82.305 69.748 4he 460 290.476 211,032 ~  12.%65
3800 15,142 82.708 70.084 4T 9T4 290.804 205.8?3 = 12.0L4%
3900 15154 83.102 TOa412 49,4488 2%%.127 206,720 - 11.58%
4000 15.165 B3.486 706734 51004 170,248 206,696 - 11.293
«100 15.174 B3, 860 The050 52.521 170.8i8 207,600 - 1l.006
4200 15,181 84,2286 T1e359 54,039 17T1.368 208:.495 ~ 10.849
4300 15.188 84,583 Tleb63 55,558 171.910 20%.37L ~ 1B.b41
4400 15.193 Ba932 T1e960 57,077 172,450 210.235 ~  LDe442
4500 15.198 B5.274 F2.252 58.596 172,986 211.085 - 10.252
4600 15.201 85.608 72.539 63116 173.521 2L1.929 - 10.0!:'9
«700 15.204 85,935 72.821 6labdb 174.051 212,760 - 9.89,?
“800 15.2086 86.255 73.097 634157 174.578 213,579 ~ 9.7‘2?
4900 15.208 86.565 73369 b4, 6TH 175,102 214.382 -~ 9o 552
5000 15.209 86.876 73.63% 66,198 175.622 215.1F7 - 9.405
5100 15.20% 87,177 73.899 67.719 1760138 215,966 -  9.235
5200 15.210 B87.472 Teal15T 6%.240 176.652 2164740 - P« 409
5300 15.20% BY.782 Thasll T0.761 177 102 217,508 - 5.‘?6?
5400 15,209 88,046 T4.061 T2.282 177,668 218.280 - 8.8)‘3
5500 15.208 86,325 T4.507 73.803 178,170 219,004 ~ H.703
5600 L5.207 88,599 T5.149 754324 178,469 219,745 - 8.576
5700 15,206 88,869 75.387 16,840 179.1063 220.670 - 8454
5800 15,204 89,133 75.622 78,365 179.654 221.197 - 8.33?
5900 15.203 89.393 75.853 719,885 180.142 221.910 - Ba220
5000 15.201 B9.648 T6.081 81,405 180.8625 222.0l4 - B:IJ‘?

Jume 30, 1968; Dec. 31, 1975

+
BORON HYDRIDE OXIDE UNIPOSITIVE ION (HBO ) (IDEAL GAS) GFW = 27,8169
?fxnt Group [Cw) .
5298.15 = {5L.26 &£ 1.51 gibbs/mol

+
AHEE = {282.6 + 12.01 keal/mol BHO

AH?;SE 15 {283.8 = 12.0) kecal/mol

Electronic Levels and Quantum Weights Vibrational Frequencies and Degenerscies

State €., cm” 8 @, cm
x%n o [u1 128531(1)
alg? 16000) 3 18013(2)
a?rt [40000] (21 [16171(1)
. .
Bond Distances: H-B = [1.13] A B-0 = [1.251 A
Bond Angle: H-B-0 = {180)° g =1

Rotational Constant: B < (1.226587 o™

Heat of Formatisn

The HB0* ion has been detected mass spectrometrically by Sholette and Porter {1} and Farber and Frisch (2). However, nc
appearance potential data have been reported for the ion. KXroto et al. (3) recently attempted to measure the photoelectron
spectrun of HBO by passing water vapor over hested boron. The spectrum showed no bands which could be definitely assigned
to HBO monomer. Unfortunately, the region of their spectrum (v14-15 eV) where the first photoelectron band of HEO would be
expected to lie shows a droad band which also appeared in the spectrum of HBS above 1150°C. Kpoto et al. (%) have assigned
this band to diborane. -We believe the HBO band may well be hidden under this broad band.

We employ Koopmans' theorem (4) to obtain the ionization potential (IP) of HBO as 1.3 eV from the one electron orbital
energies reported by Themson and Wighart (5). A comparison of Koopmans® theorem IP's for the related species HBS (§), HCN
(82, and HCP (7} with experimental values (§, 9) shows that the theoretical cslculations =orrectly predict these ionization
potentisls to within about £0.4 eV. We adopt aHp” = 329.75:9 kcal/mol for the ionization process HBO(g} + e~ = HBQ+(5) + 2a”
at 0 X, and we obtain AHF&(HEO',E) = 282.5212.0 kcal/mol when the former value is combined with A‘.HTS(HBO‘E) = -L7,2:3.0
keal/mol (8). AHE® at 298.15 X is 283.8212.0 keal/mol.

Heat Capacity and Entropy

Extensive ab initio MO calculations (§) reported for HBG show that the highest occupied orbital is of M-symmetry and is
localized mainly on the oxygen atom. The Walsh diagrsm (10) for HAB molecules predicts that this orbital is bonding. We
would expect therefore that the ion is less stromgly bound than the parent molecule. For HCN which has the same orbital
ordering as HBO (5}, ifonization (11) occurs with a 2.2% increase in the H-C bond length and & 4.7X increase in the C=N bond
length. We assume a similar increase in the bongd lengths of HBO (g‘) upon loss of the bonding electron. A linear configuration
is assumed by analogy with that for HBs® (8). This assumption is supported by predictions from the Walsh diagram (103. The
moment of inertia is 2.2783 x 107°° g om’. The enthalpy between 0 K and 280.15 K is -2.172 keal/mol.

All vibrational freguencies are calculated from estimated force constants by a valence force method (12). The force con-
stants are estimated from those for HBO (8) by comparisen with the changes im the force constants for HCN (8} produced on
fonization (). The electronic states and levels are estimated from those observed for iscelectronic fons HAS® (8), Hen', and
uert {3), We estimate the uncertaintiss in our calculated frequencies as 250 crn‘1 which introduces an errvor of only about
%0.1 gibbs/mol in the value of S;ss' The uncertainr;r in the electronic levels contribute the majority of the error in the
entropy. We predict that the energy separatian of the 21-%3 states is small. Thus, 3t is possible that the ground state is

T as is the case for the isoelectrenic ions €0° and N; (13). If the ground state is 22, then our entropies should be de-
creased by roughly 1.5 gibbs/meol at all temperatures above 298.15 K, The enthalpy is much more certain than the entropy.
Below 2000 K the uncertainty in our relative enthalpies probably does not exceed & few calories. The uncertainty increases at
higher temperatures and is about 1.0 kcal/mol at 4000 K. All excited states are expected to be linear as observed for HBS'®
{33,
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Boron Hvypripe Oxtpe Uninee, lowm {HBO ) BHO™
(IpeaL Gas) GFW=27.8179
— i heally 3
# y .
T, K cp° S G -HmefT  H—Hes AHP AGP Log Kp
o

100

200

298 Bebld 54,261 544241 «000 - 58.430 60.739 44,523
300 Beb423 54,293 54,241 016 = 58.%41 60,753 B4 0299
400 9.030 56.747 54,579 «BB7 ~  59.091 ol.%27 33.562
500 G.706 53,885 55,236 L.825 - 59,779 61.933 27.071
600 10,334 60.T12 56.000 2.827 = 50478 62.298 2éab32
700 10.882 62,347 56.792 3.88% ~ bi.iod 6824546 19.528
800 11.362 53,831 5T.580 5.001 - 61.848 624697 17.428
920 11721 65,190 584451 ba15% - 82.521 624763 15,241
1000 12.033 TR 54.099 T.343 = 63.187 62,753 13a.715
1100 12.289 61,600 59.819 8,559 - 63.B54 62.679 12a453
1200 12,501 63.5679 60,513 9799 - £4.520 H2a541 112390
1300 12.078 693:687 6l.181 11.058 =~ 65,193 622330 10.482
1400 12.827 70.632 61.822 12.333 ~  ©5.870 624105 F.695
1500 12.95% T1.521 62440 13,623 - 68,557 61.813 S.006
1600 13.067 72,361 £3.03% 14,924 = &67.253 6la413 82397
1700 134165 T3.154 63. 606 16,236 - 67.957 61.090 Tabs4
1600 13.254 73.91L 54,158 17.557 = bH.671 80667 Ta3be
1900 13.336 T4.8630 bha B30 18,886 - 696392 60.203 6a925
2000 13.412 T5. 316 65,204 20.224 =~ T0.ii8 59,700 ca524%
2100 13.483 75,972 65,702 21.568 ~ 10.869 59,160 bal57
2200 13.551 T6.601 66.183 224920 ~- TL.586 Sd.580 5.820
2300 13.616 77.205 66569 24,278 - 72.328 57,950 5.50%
2400 13.678 77.788 67,101 254,643 = 73.074 57,338 5.421
2500 13.739 78,345 57,540 27.01% - 79.213 56,561 40945
2600 13.797 78,685 67,9606 28,391 ~ 79.%58 55,638 4677
2300 13.85¢« 79407 68,380 29,713 ~ BOL.TD5 b% 688 bue2¥
2800 13.910 T9.912 68.783 3l.162 = Bl.%52 534713 HalW?
2900 13.963 802401 69,175 32,555 = B2.198 52.705 3.972
3000 14.01% 40,875 69.557 33.954 = 82.545 Bil.078 3765
3100 14.065% 81,336 69,930 35.358 - 83.68% 5Q0a024 3,569
3200 14.113 B8l.783 70.293 36.707 - B4.435 49.5+5 3.3584
3300 14.15% 82.218 70,648 38.181 - B85.1i81 LBab42 3.208
3400 14,203 82.641 T0.9%4 39.599 85.9217 47.318 3.042
3500 144245 83.054 The333 #1.02) 86673 hbel Tl 24883
3600 14.285 83,655 Tletbh 42:%48 - 8T.418 45.00% 2.732
3700 14.323 B3a.847 TL.988 53,673 - BB.l65 43.81% £.58%
3800 14.35% 842230 724305 452313 - 88,911 420605 20450
3900 14.393 Bea603 T2.616 462750 = B9.659 41.340 2.319
4000 14,425 84,968 T2.920 48.191 = 211583 37.987 2.075
4160 14.45% 85,325 73.218 490635 - 212,102 33,641 1.1793
4200 L4.483 85,673 73.511 5L.082 - 212019 29,276 L.524
4300 14.509 86,014 73.798 52,532 ~ 213.138 242908 la2b0
44600 14.533 Bboe 348 T4.07% 53,984 - 213.65% 20.527 1.u20
4500 14,556 86,675 T4.355 55.438 - 2l4.180 16.132 2783
4600 14.576 86,995 Th.627 26895 = 214,703 il.722 557
*700 14.59% 874309 74,893 $8.3%4 = 21%.228 74303 PELY)
4800 14,632 B87.61l6 75,155 S9.H14 = 21%,755 2,873 131
4900 14.628 87.918 F5.413 &le.278 = 215.28% 1.582 2070
5000 14,662 88a214% 15.566 &24739 ~ Z2i6.BL3 6,015 2263
5100 14.655 Bo.50% 75.915 64,204 = 217.347 10.480 ity
5200 14.664 88,788 T6.159 65,679 ~ 217,882 L4949 2628
5300 1%.674 83.069 To.400 67137 = 218.%20 19.633 »801
5400 14.68% 8G. 362 766317 68635 - 218.961 23.922 +968
5500 14.692 89.612 16,871 T30 74 - 219.502 28,432 1.130
5600 14.699 B9. 876 77.101 Ti.54% = 220.06% 32.937 La.28%
5700 14,704 F0.137 77,327 73.01%4 — 220.59% 37.403 1.430
5800 14,708 30.39%2 77.550 T4 85 = 221.152 41,995 l.%32
5900 14,712 F. bba T7.772 75.9506 -~ 221707 faBab30 iei2a
6000 146.715 90.891 T7.987 771627 - 22Z.2686 51,090 1.86l

Bec. 31, 1875

BORON HYDRIDE QXIBE UNINEGATIVE TON (HBO™) (XDEAL GAS) GfW = 27,8179

Point Group C, SHES = [-57 = 2u] keal/mol BHO™
S3gg.15 = [5%.2 = 2.01 gibbs/mol SHESg. o= [-38.% & 24) keal/mol

Ground State Quantum Weight = {21

Electronic Levels and Quantum Weights

-1
ey, om 8
° 23
£ 100001 2}

Vibrational Freguencies and Degeneracies

w, em”>
120001 (1)
{10001 (1)

15003 (1)

. o
Bond Distances: H-B = [1.25) A B-0 = [1.373 A
Bond Angle: H-B-0 .= 123° o
Product of Moments of Inertia: I,

8 3 5

I = 19,0890 x 107218y 2% on

IBC

Heat of Formation

The identification of the HBO® radical has been made from observations of its electron spin resonance {esr} spectra which
was measured (}, 2} io y-irradiated polyerystalline potassium borohydride. This assignment is confirmed by the fact that
hyperfine coupling constants calculated by INDD (3) and UHF (4, 5) methods are in reascnable agreement with the spectral data
€2). Mo experimental measurement of the electron affinity (IA) has been reported; however, racent MQ cslculations (§) predict
that the value is small. We note that these calculations predict incorrectly the relative stabilities of HBO and HBO ™ and
therefore are of no use in the establishment of the absolute value of EA. This inversion in the predicted stabilities of the
radical and parent molecule most likely arises from the neglect of correlation effects.

We estimate 4Hf® from a consideration of bond-energy schemes. For the dissociative process HBO (g} = Hlg) + Blg) + 07 (g),
we assume AHaS = M-Zaa (HBO) = 289.% keal/mol (7). This atomization energy gives AH:"(')(HBO", g} = -81.0 kcal/mel which we be-
lieve is an upper limit since the unpaired electron in HBO™ is antibonding (8) and comsequentiy, one would expect oHa®(HBO )<
4Ha® (HBO). A lower limit of SHf® can be obtained from a consideration of the H-B bond dissociation erergy. It is very
unlikely that DS(H-BO‘) < Da{H-CO) which is equal to 1.1 kcal/mol. Using this value for Do(H-BO™), we obtain AHFOCHBO,g) =
-33 keal/mol with 8HFR(H,g) = 52.103 kcal/mol (7) and GHEJ(BO™, g) = -71.0 keal/mol (3). We adopt an average (~57:2% keal/mol)
of the upper and lower limit values. Our adopted aHf® va